12 United States Patent

Pech et al.

US010457530B2

US 10,457,530 B2
*Oct. 29, 2019

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(63)

(1)

(52)

(58)

LIFT CRANE WITH MOVEABLE
COUNTERWEIGHT

Applicant: Manitowoc Cranes, LLC, Manitowoc,

W1 (US)

Inventors: David J. Pech, Manitowoc, WI (US);
Joseph R. Rucinski, Manitowoc, W]

(US)

Assignee: Manitowoc Cranes, LLC, Manitowoc,
WI (US)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 1534(b) by 159 days.

This patent 1s subject to a terminal dis-
claimer.

Appl. No.: 13/712,774

Filed: Dec. 12, 2012

Prior Publication Data

US 2013/0112642 Al May 9, 2013

Related U.S. Application Data

Continuation of application No. 12/847,902, filed on
Jul. 30, 2010, now Pat. No. 9,278,834

(Continued)
Int. CI.
B66C 23/76 (2006.01)
B66C 23/82 (2006.01)
U.S. CL
CPC ... B66C 23/76 (2013.01); B66C 23/82

(2013.01)

Field of Classification Search
CPC ......... B66C 23/33; B66C 23/72; B66C 23/74;
B66C 23/76; B66C 2700/0314; B66C
2700/0392; B66C 23/36

(Continued)

(56) References Cited
U.S. PATENT DOCUMENTS
496,428 A 5/1893 Morgan
524,619 A 8/1894 Sturm
(Continued)
FOREIGN PATENT DOCUMENTS
Al 201 812 6/2001
CN 86 202 467 U 10/1987
(Continued)

OTHER PUBLICATIONS

Sections of brochure entitled “Demag CC 8800, 1250t,” Demag
Mobile Cranes Gmbh & Co.KG, 9 pages (cover page, pp. 6, 7, 10,
11, 13, 62 and 63, back page), undated, but prior to Oct. 27, 2006.

(Continued)

Primary Examiner — Sang K Kim
Assistant Examiner — Nathaniel L. Adams

(74) Attorney, Agent, or Firm — Ramey & Schwaller,
LLP; Craig Buschmann

(57) ABSTRACT

A Iift crane includes a carbody; moveable ground engaging
members; a rotating bed rotatably connected to the carbody;
and a boom pivotally mounted on the rotating bed. The crane
1s configured for assembly 1n at least two configurations. In
the first configuration, the crane further includes a live mast;
a first counterweight support frame; and a first movable
counterweight unit moveably connected to and supported by
the first counterweight support frame. In the second con-
figuration, the crane further includes a lattice mast; a second
counterweight support frame; a moveable counterweight
support beam coupled to the second counterweight support
frame and operable to move relative to the second counter-
weilght support frame; and a second moveable counterweight
unmit moveably connected to the moveable counterweight
support beam.

18 Claims, 36 Drawing Sheets




US 10,457,530 B2

Page 2
Related U.S. Application Data 6,341,665 Bl 12002 Zhou et al.
6,360,905 Bl 3/2002 Frommelt et al.
(60) Provisional application No. 61/231,884, filed on Aug. 6,474,485 Bl  11/2002 Yokoyama
6, 2009, provisional application No. 61/365,217, filed 6,474,487 Bl  11/2002 Kretschmer
on Tul 16. 2010. 6,481,202 Bl 11/2002 Zuehlke et al.
_ SV 6,508,372 Bl  1/2003 Lamphen et al.
(58) Field of Classification Search 6516961 Bl  2/2003 Knecht et al.
USPC ..., 212/178, 195-198, 279, 301 6,568,547 B1* 5/2003 Kretschmer et al. ......... 212/196
See application file for complete search history. 6,588,521 Bl 7/2003 Porubcansky et al.

6.631.814 B2  10/2003 Willim
- 6.814.164 B2  11/2004 Mills et al.
(56) Reterences Cited 6934.616 B2 872005 Colburn et al.
7213716 B2 5/2007 William et al.
7,252,203 B2 8/2007 Frankenberger et al.
7441670 B2 10/2008 Willim

U.S. PATENT DOCUMENTS

733,128 A 71903 Bennett et al. 7,546,928 B2 6/2009 Pech et al.
752,248 A 21904 Nickerson 7967,158 B2 6/2011 Pech et al.
70,773 A 91910 Wylie 8,162,160 B2 4/2012 Zollondz et al.
1,756,106 A~ 4/1930 Swenson 1,139,915 Al 52015 Smulders
1,877,373 A 91932 Cohen-Venezian 2002/0070186 Al 6/2002 Frommelt et al.
DOSLEE X, O oAl et 176 2003/0146181 Al /2003 Taylor et al.
DO PISEER ervrrmrrreremenenns 2005/0098520 Al 5/2005 Frankenberger et al.
2,920,013 A 1071950 languy 2005/0194339 Al 9/2005 Willim
3,202,299 A 871965 De Cunr 2006/0283826 Al  12/2006 Yeral
3,209,920 A 1071965 De Cuir 2008/0099421 Al*  5/2008 Pech et al. .......ooooovv. 212/196
3,547,278 A 121970 Tayler 2008/0116161 Al 5/2008 Kurotsu et al.
3,572,517 A 3/1971 Liebherr et al. 2008/0203045 A- 272008 Pech |
3,713,544 A 1/1973 Wallace et al. ; cch et al
2R36010 A * 01074 Temeer 519/105 2011/0031202 Al 2/2011 Pech et al.

2 ; p -
1842084 A 10/1974 Brown et al 2013/0161278 Al 6/2013 Sun et al.
3,921,815 A 11/1975 Brown et al. _ _
3,924,753 A 12/1975 Lamer et al FOREIGN PATENT DOCUMENTS
3,930,583 A 1/1976 Jouflray
3,945,518 A 3/1976 Inoue CN 2250345 Y  3/1997
3,955,684 A 5/1976 Novotny CN 2355001 Y  12/1999
3,955,844 A 5/1976 de Castella et al CN 1287964 A 3/2001
4,017,109 A 4/1977 Belinksy CN 2642757 Y 9/2004
4,081,081 A 3/1978 Morrow, Sr. et al. CN [ 562724 A 1/2005
4,168,781 A 9/1979 Bryan, Jr CN 1562724 A 1/2005
4,172,529 A 10/1979 Bryan, Jr CN 1740080 A 3/2006
4,181,231 A 1/1980 Morrissey et al. CN 1765729 A 5/2006
4,186,585 A 2/1980 Passoni et al CN 2059 156 U 5/2007
4204603 A 5/1980 Ducreuzet CN 101 445209 A 6/2009
4258852 A 3/1981 Juergens CN 201284 198 Y 8/2009
4279348 A 7/1981 Harper et al. CN 102285600 A 12/2011
4,280,627 A 7/1981 Becker DE 1007039 C2  10/1957
4349,115 A 9/1982 Lampson DE 1246969 8/1967
4381060 A * 4/1983 Morrow et al. .............. 212/195  DE 1264010 3/1968
4394911 A 7/1983 Wittman et al. DE 281128 B 10/1968
4,446,976 A * 5/1984 Imerman etal. ............. 212/304  DE 73132 5/1970
4,508,232 A 4/1985 Lampson DE 1781119 10/1970
4537317 A 8/1985 Jensen DE 3 438 937 4/1986
4,540,097 A 9/1985 Wadsworth et al. DE 268458 Al 5/1989
4,557,390 A 12/1985 Mick DE 38 38 975 5/1990
4614275 A 9/1986 Zenno DE 94 04 670 Ul 2/1995
4711358 A 12/1987 Konishi DE 19642066 Al 4/1998
4,720,486 A * 3/1988 Petzold et al. ............... 212302 DE 297 23 587 12/1998
4867321 A 9/1989 Montgon DE 19908485 Al 8/2000
4901982 A 2/1990 Harvard et al. DE 19929549 Al 1/2001
4,907,768 A 3/1990 Masseron DE 19931303 Al 2/2001
4953,722 A 9/1990 Becker et al EP 0 048 076 3/1982
4995518 A 2/1991 McGhie EP 0110786 Al  6/1984
5,005,714 A 4/1991 Kirdll et al. EP 0 132 572 2/1985
5035337 A 7/1991 Juergens EP 0354167 Al 2/1990
5,156,215 A 10/1992 Jensen EP 0368463 Al 5/1990
5,203,837 A 4/1993 Madic et al. EP 0 379 448 7/1990
5,222,613 A 6/1993 McGhie EP 0 856 486 A2 8/1998
5,332,110 A 7/1994 Forsyth EP 0 945 393 9/1999
5,522,515 A 6/1996 Pech et al. EP 1135322 Bl 9/2001
5,586,667 A 12/1996 Landry EP [ 205 422 5/2002
5,598,935 A * 2/1997 Harrison et al. ............ 212/197  EP 1619159 A2 1/2006
5,833,268 A 11/1998 Aldrovandi EP 1916 220 Al 4/2008
5,836,205 A 11/1998 Meyer EP 1934129 Bl 6/2008
5,854,988 A 12/1998 Davidson et al. EP 1 990 306 A2  11/2008
5,941,401 A 8/1999 Petzold et al EP 2497740 Al 9/2012
6065620 A 5/2000 McGhie FR 1408409 7/1965
6,089,388 A 7/2000 Willim FR 1469592 A 2/1967
6,098,823 A * 82000 Yahiaoui ................. 212/197  FR 1548415 A 12/1968
6,109463 A 82000 Cullity FR 2172931 10/1973
6,283,315 B1*  9/2001 Willim et al. ............... 212/196  FR 2497903 A 7/1982



US 10,457,530 B2
Page 3

(56) References Cited
FORFEIGN PATENT DOCUMENTS

FR 2536733 6/1984
GB 113 730 A 3/1918
GB 190 594 A 12/1922
GB 604 852 A 7/1948
GB 1020635 2/1966
GB 1179513 1/1970
GB 1207492 10/1970
GB 1218826 1/1971
GB 1291541 10/1972
GB 1311767 3/1973
GB 1 458 170 A 12/1976
GB 2029795 A 3/1980
GB 2050295 A 1/1981
GB 2 096 097 A 10/1982
GB 2 130 682 6/1984
GB 2151580 A 7/1985
GB 2159122 A 11/1985
GB 2353 515 A 2/2001
GB 2 371 284 7/2002
G 2422139 A 7/2006
JP 55145993 11/1980
JP 56-145094 A 11/1981
JP 1982-096190 6/1982
JP 59-43796 A 3/1984
JP 62-41192 2/1987
JP 62 203891 A 9/1987
JP U 1988-026690 2/1988
JP 1988-032893 3/1988
JP 02-70696 A 3/1990
JP A 1990-182696 7/1990
JP A 1991-158392 7/1991
JP H 9-328293 A 12/1997
JP 10-87278 A 4/1998
JP 11-29291 2/1999
JP 11-49484 A 2/1999
JP 1999-157780 6/1999
JP 2002-020081 1/2002
JP 2002-531357 9/2002
JP 2003-184086 7/2003
JP 2005-138962 6/2005
JP 2008127150 A 6/2008
JP A 2008-143626 6/2008
JP 2009-7164 A 1/2009
RU 2075430 C1 3/1997
RU 2268234 1/2006
SU 88589 1/1950
SU 551238 5/1977
SU 652096 3/1979
SU 1087455 4/1984
SU 1346567 A 10/1987
SU 1463705 A2 7/1989
SU 14776063 Al 7/1989
SU 1521703 A1 11/1989
WO WO09429211 12/1994
WO WO 00/34173 Al 6/2000
WO WO 2003/040016 Al 5/2003
WO WO 2005/026036 3/2005
WO WO 2007/056970 Al 5/2007

OTHER PUBLICATIONS

Sections of brochure entitled “LLR 11200 Crawler Crane—Technical

Data,” Liebherr, 4 pages (cover page, pp. 14, 16a and 16b), undated,

but prior to Oct. 27, 2006.

Sections of brochure entitled “Model 21000 Product Guide,” Manitowoc,
4 pages, undated, but prior to Oct. 27, 2006.

Brochure “MR Range: Potain”, Manitowoc Crane Group, 4 pages
(Mar. 2004) with accompanying photographs (6 pages).

Brochure “Multi Tasker 100/250/810/1000/1200/1600, Raillway Crane,”
Kirow, a member of Kranunion, 16 pages (undated but prior to Aug.
6, 2009).

CART 587T Pipelayer Specifications, 20 pages (undated).

Data Sheet “Potain MR 605 B H32”, Manitowoc Crane Group, 8

pages (2011).

GROVE, T80/T86J] Telescopic Boom Work Platforms, 4 pages
(2000).

Liebherr, LR1600/2 Dimensions, 3 pages (undated, but prior to Aug.
6, 2009).

Liebherr, LR1600/2 Technical Data, 7 pages (undated).

Liebherr, R1.44 Litronic Pipelayers, brochure, 8 pages (undated).
Manitowc, Model 16000 Brochure, pp. 1-7, 36-42 showing MAX-
ER®, (no date, but 16000 MAX-ER has been on sale since before
Aug. 6, 2009).

Manitowc, Model 18000 Brochure, pp. 1-8, 47-51 showing MAX-
ER®, (undated, but 18000 MAX-ER has been on sale since before
Aug. 6, 2009).

Manitowoc, M-250 X-Spander /Max-Spander attachment, Operat-
ing Controls and Operation folio, 4 pages (Aug. 2, 1994).
Manitowoc, M-250 Max-Spander™ Attachment, Installation and
Removal Guide folio, 16 pages (Jun. 3, 1994).

Product Guide “MR Range: Potain”, Manitowoc Crane Group, 4
pages (2007).

TEREX,, DEMAG CC8800-1 Crawler Crane, “Superlift Configu-
rations,” 1 pages (undated, but prior to Aug. 6, 2009).

Journal Article: Mingqin, Z., Xiaoli, S., Zhenbo, Q., Chuanzeng, S.
& Mingxiao, D. (2003). “Achievement of the Balance Weight Self
Adaptation Adjustments of Cranes Through the Application of a
Connecting Rod Mechanism,” Machine Design and Research, 19
(4) 379-426.

ANSI/ASME B30.5d-1988, pp. 10 & 16.

Manitowox Max-Spander Basic Specifications, 4 pages (undated).
N1—Chapter in “Special Purpose Vehicle” (2000), pp. 32-36.
N2—One page of an answer book showing connection between
rods and hydraulic cylinders.

Respondents’ Disclosure of Invalidity Contentions, ITC Investiga-
tion No. 337-TA-887, dated Sep. 20, 2013, 188 pages.

TEREX Demag CC8800-1 Crawler Crane Superlift Configurations,
pp. 7-9 (undated).

American A 100-HC General Specifications, 20 pages (undated, but
prior to Aug. 6, 2009),

Manitowoc M-50W brochure, 6 pages (1989).

Terex American HC 210 brochure, 2 pages (2002).

Terex American HC 125 brochure, 2 pages (2001).

Document entitled “X-Spander Attachment,” 1 page (undated, but
prior to Aug. 6, 2009).

Document entitled “X-Spander Blueprint,” 1 page (1989).
English translation of Decision of Invalidation (No. 22307), Case
No. 4W 102283, for Chinese Patent No. 200810092407.6, dated
Mar. 14, 2014 (43 pages).

English translation of Examination Decision on the Request for
Invalidation, Case No. 4W102286, for Chinese Patent No.
200710192985.2, dated Mar. 14, 2014 (53 pages).

Liftcrane Capacities and Liftcrane Jib Capacities for M-250 with
X-Spander, dated Jan. 21, 1994 and Mar. 23, 1994, 88 pages.
TEREX®, DEMAG CC8800-1 Crawler Crane, “Superlift Configu-
rations,” 1 page (undated, but prior to Aug. 6, 2009).
Communication for EP Application No. 10172110.8, dated Apr. 29,
2015 (4 pages).

COLMAR Railroad Loader T7000FS, Specifications, 1 page (2014)—
DVD.

COLMAR Railroad Loader T10000FS, Specifications, 2 pages
(2014)—DVD.

European Search Report for EP Application No. 10172110.8, dated
Nov. 25, 2010 (6 pages).

European Search Report for EP Application No. 13153415.8, dated
Mar. 22, 2013 (9 pages).

European Search Report for EP Application No. 13153486.9, dated
Mar. 22, 2013 (5 pages).

European Search Report for EP Application No. 14183968.8, dated
Feb. 13, 2015 (10 pages).

First Office Action for Chinese Application No. 201010624732.X,
dated Nov. 2, 2012 (13 pages).

First Oflice Action for Chinese Application No. 201210253579.3,
dated Feb. 12, 2014 (16 pages).

Notification of Reason for Rejection for JP Application No. 2008-
077842, dated Nov. 24, 2011 (3 pages).




US 10,457,530 B2
Page 4

(56) References Cited
OTHER PUBLICATIONS

Notification of Reason for Rejection for JP Application No. 2010-
175871, dated Jul. 1, 2014 (5 pages).

Office Action for RU Application No. 2007-139810, dated Apr. 12,
2012 (13 pages).

Partial European Search Report for EP Application No. 14183968.8,
dated Dec. 16, 2014 (7 pages).

Search Report from related Chinese Application No. 201210253579.
3, dated Nov. 24, 2014 (2 pages).

Second Office Action for Chinese Application No. 201010511568.1,
dated May 14, 2012 (14 pages).

Second Oflice Action from related Chinese Application No.
201210253579.3, dated Dec. 2, 2014 (10 pages).

Fourth Office Action from related Chinese Application No.
201010624732.X, dated Nov. 3, 2014 (16 pages).

Peng Wensheng, Mechanical Design and Mechanical Principle for
Entrance Exams Postgraduate Schools, vol. 2, p. 83 (Huazhong
University of Science and Technology Press) (May 31, 2005).
International Search Report and Written Opinion for International

Application No. PCT/US2015/013098, dated May 7, 2015 (19

pages).
English language translation of Decision on Rejection, in Chinese
Application No. 201010624732.X, dated Jul. 29, 2015, with CN

office action (25 pages).

English translation of Decision on Rejection for Chinese Patent
Application No. 201210253579.3, dated Aug. 13, 2015, with CN
office action (31 pages).

Notification of Reasons for Rejection, and English language trans-
lation thereof, in Japanese Application No. 2010-175871, dated Jul.
7, 2015, 16 pages.

Examination Report for related European Application No. 13155808.
2, dated Jan. 13, 2016 (7 pages).

European Search Report for EP Application No. 13155808.2, dated
Mar. 22, 2013 (6 pages).

European Search Report for EP Application No. 13153480.2, dated
Mar. 22, 2013 (7 pages).

Notice of Reexamination for Chinese Application No. 201010624732.
X, dated Mar. 30, 2016 (22 pages).

Notice of Reexamination for Chinese Application No. 201210253579.
3, dated Mar. 30, 2016 (22 pages).

Decision of Reexamination and English Translation for Chinese
Application No. 201010511568.1, dated Dec. 11, 2015, overturning
final rejection (39 pages).

Examination Report for related European Application No. 13153480.

2, dated Jan. 12, 2016 (7 pages).
Decision of Retfusal for JP Application No. 2010-175871, dated
Nov. 4, 2015 (2 pages).

* cited by examiner



US 10,457,530 B2

Sheet 1 of 36

Oct. 29, 2019

U.S. Patent

T
el T, T g iy By B By Ty 0, %, W Wy Wy, o, )



U.S. Patent Oct. 29, 2019 Sheet 2 of 36 US 10,457,530 B2

i i -
- L8
hl T ]
4 { 't "'l;:
L r- 'f E Y
":f T -h":.l E ::
. n "
B ™
o3 A 10
Sl - U
"':-'.'1-.“ ] [}
) A : M
L
W ¥ T
W ]
L L]
E L]
L |
4 )
i ¥
L] 1
L] L]
i |
1i L |
L) L |
i ]
1 1
i E |
1
T
:. L
: o0
% L]
1 3
oy
LY
L]
L
L
%
L
LY
:
*
53

nE
n =
I ]
L “'(--.-f%-\t
3

.il
'ﬁ"i’q-ﬁ'ﬁ‘i-‘&‘-“t"h 1-.‘1-- 'l-'{'h
L b . -
- Py N e g e B T T g i i e g P L P
L g W0 i N b ot I P e g R 4L RO AR A A R R A AR AR R L KR W



U.S. Patent Oct. 29, 2019 Sheet 3 of 36 US 10,457,530 B2




U.S. Patent

*
v
r
. : -‘
.rr-".r.-rr-.r

f.
7
/

L A s
! T
4¢

a F
o

e
SR SN,
i R '4-{ . b
Sl ™ i.h
PO L G
IH -I a l'h‘;'r
S
i -
i‘_‘t"-‘: Ta .
. '.‘.
e "
. D oagw iy
L.,ﬁ:t:: .,-I.
SR ¥, S LN ‘i"'
N . .

lh‘_'h"- q

“-.*-Mﬂ-*- H‘i"n“‘\"'."uu""rr'l‘qi

: “__'h‘lili'nl'}‘tll'l"ﬂl |'|."«|"~|"t "'I'"I"I"‘I '1-"1"1"-‘1"

‘- LA T LR TN -t.h.tﬂ.-é- -E-;b-adn_-l e} ;.,
.lq"q._-. i -e‘l. 'r" - I.'i"h"l.'l. - 'I."l.ll'l."hl'l“l a by '-."-b hr

‘m $ M T 'h"n-""-"-"-r"'r"-"-‘l-’-l-‘v"-
- ..,r*-_\lt R%Lhu_lr-_ -

i

i
sl

-

.r‘;"'r-

¥+ -

T seg ik
3R EIRTEN
%m s L3

A
w
ol 4 LI
ol

g AT

o
-h-':

|l'

1

r

Ty -u"-.

I
- - -

i'

Oct. 29, 2019 Sheet 4 of 36

y
‘¢

4
T

“Ta

..l"f.n.l.-..'n:r.f..n.

e

R .‘l. et lld-:l ih'- ..q.-.hh.“l..‘l."l-'l a it

. e Y
Lt e L

o ¥

AA

'l"- 1‘1- -"lu"'l-"- -l"'l '5-"-" :‘I" "I‘hb‘l'"l“'q_w

r
r
]

-t

g

"l"ﬂ" "‘—"tl‘i"il"h""-\-\- 1"'«.,._"'!-"'\-"1"--"1-"1"1“1-"1- 'y

4
v

.J' .r..lils.r ..:l'-..l- - A "

a4

T =

l.,.l I"‘_lh:h_r.-t'-.‘q:i h‘l.l'h."- J. . "E-" n s l.'\".-"-,.

L,

J
"".r

¥

e

.

b

.. r
-""":"'"""""'.'.I"" o

.-|-__p|--|‘-|-'lrI|
K
¥,

A
.‘
L
| -
A-Hn#.r.rl-'
T -l"
l|
F 3
.
A
o
,
'S
X
"'f
-
oz
.3-

{El.:."tr"u‘l"h-lu.{l:éit_lh.- PR,

_W-#tu‘ha.hh“n-ﬁ .\ *n.u.-ih.nn -.tﬁ;t

k‘-}{a vv.i.ut

Wﬂtﬂfﬂﬁtﬁt‘- LELCPLSS l-waxhnﬁ?\\xx‘ﬁw’ﬁ‘t‘*\“iﬁ}?mm%‘k‘ﬁ‘?ﬁffm:f%‘wmm
. L |

,l.,x-..uﬂ-r-.-.-.-.-

w'm' -I- - I I - #‘ﬂ‘h‘t"‘u\‘rﬂ"ﬁ*—t‘ﬁﬂﬁh‘!‘r
Y e T et

*

.
- F
7
o' |
“
_f. -
i

ittt e ,. :j._h_q_ 1 W S T t:"ﬂ. v} N Htﬂ}tiam%
I i P 1 T ; R B R
A . . n | . . 2™
Ay X E"‘ . Ny - ' :
r L] ' % . Cw vy . '
] i SRR | ;i i 13 i V! .
e e R : : [ vy 'E : - 3 Dt L
*-t% o ThE LR ST RAE. L ¢ sty ooy w Yt N
|i e tll }' ot ."'. :.r ":: :. : " % .‘b- 'lhl :, .1 . Hi't . .t‘ . ":L.:.& . -E._ ,f:}:";$l|.l l-:i:%l;ifl E:._*L"{L "H.. ";‘ h“":l:i}:"f" h,
i (v I"I. 1 b - ', T ‘. h‘ . i 1 o Lo . |- - 4 - .
e b " R - f v e T AL 1 Y Lﬂ.m_w 2l o, N Lrs i g
"‘u r .1 X .- ] . .;: . 1 " 1, 'I g . ‘; ' ' ' .. i .
:\.;. AN R LA I : 31} i e R I 1
[ . o .o - ' 1 - . - .
e ""‘1-.‘1 B ﬁl"fﬁ.umtﬁ#imxv Hﬁw':-ﬁ I|l:m.‘:r " VR :Ew' B T A D ""'h'"""r PR r.,:;.:,.,a.,,- .,.: : e v
r:.hui,h AN T T T e -.-.':.f-1.15.3..-“.“-.*.-.1.5.-.':'.'.“ﬁ“ﬁﬁ%ﬂﬁtﬂﬁﬂ%ﬂtﬂ-ﬂ*—‘hﬂ\-‘h‘u—t‘h‘—‘ e e e e e e e q""’"‘nﬁ“ ' S "F. - :
ar '9| 1 -l -l "
Q} j 't "”-" y ¥
. * "' "N r r -l § 'l 'I I r

- - "q.-"-.-"-'-"h-
) NN ?,u..
e T A, WAL W, R M *

".'L‘L'L"\.'L-'.“cr .*,-_1..-.* ﬁ.

- AR R R R R R N
'h. Iy ey B e B e ol -L*_i‘_d. -Lq.'h.h IR ¥ = l'l.'-i'i."l.'l 'i."d'

s -

-
A
J

-r'? Sl
B i I

. ‘_ﬁl'lb .r.ll'l '

o

i o F

el

.J-.J-..l'..l-.dr..ni_l-..r..r.r

e g

-ﬁi.l.ir%-lill“ .
- i
E’,.,."ﬁ"x:':

ﬁwww{% {“I-"h"ln-"h-"‘r'\-

-e-n.--ﬁﬁ.: A
gwg* lh' L ]

'H_-‘-‘_q_!_-‘ -“q‘-‘_-‘_-‘_{u.r-._-'-g _.H“.'.*.__._._.T.\'x“,',ﬁ PR, a e kR e MR RETR N ||11“"\-"'-

US 10,457,530 B2

SN s
e ‘ . T '. "
- v "y _ .
. ‘t' t"’"‘-- ‘h} “‘" : . W 'm *"ﬁ,“r - i- -:h hl‘-h N. h_ _.-_-I-. - o m hl.‘
P s ...Ix‘_ﬁ t 'ﬁi i L
'w k by -
, :'h- t._‘_-. ..._'-._'t_. :Hr*'h..'h."qih'l'l"qr-h:qq -q'l\,_-.h H_q. h'l- - .‘. r
. :‘ i -.._rt' "..rT-:'n.l.
B e o -E " 'tt el
"'-;:":.;ﬁj-:.,;: ) R -.’11-‘1\,5';1-:."; h'I.E. e
[ LI . Ao -
.., N R LA S . ...,4._‘._,;
O e L N N o
A IR 5t et N e
v el ‘-“ﬁﬂ-‘n‘nﬁ LT LN a...ﬁ.n. .
Lyt Fiaahy] o Lovrn,
= y -:: ': Ihh] .'.‘:"-1' ..
; " i “"ﬂr‘ttt‘.h"ﬂ ‘,'é"u“-i: AR *Hf-t‘ -
oY Y "I;I;I."‘I.ﬁ'_ "hl."-."
':F“ ) . : ; f-‘lc : . ”'.l"l:... _ :;-- .
-l--l..-l..-l.. hi.l.i.i.h.h‘ll\! I-h.l.'l..al.-l..l.'l"h.'i."l."l.q 'l‘_ -"'rw S *‘n,'q,-ﬂ;\.“-'-h‘h;liq*‘fw?ﬁ‘-'uh‘.!-lll'* ¥
n e 1.11’1.1"-'-‘511."-‘111111-"!.’1‘1’1‘1 g E ’ . . ;.1 _* . .’.'. . { . h_;
1 . L1 .,
‘i : \"'ii, lnl' L o ani- aaN
'-hE.-' - i'ﬁ i.‘ 8 g v !-'-r*-*-e-*-’-%h.‘--'-'-‘-'»'-!-?-?ﬁ?-'nﬂ Bl
F R . '1 ' ._:' r -|-|- L - .. , |'" - . ) X ' t ' ‘-:-- “-
. .|"l. '_'a.'j-_.;._t# B, e .,a""' 55’:1 A
ki IO e R I oo Ny
TRLY o : ,!‘ a'- S ol ' H%‘ﬁﬁ-f-ﬁ-ﬂ-'{ﬁ-ﬁwun%_ .o
r1, . . o L "1‘1"‘ . . B e b b
. . li 'h:: - 's 'L_.*- y ‘1, ‘ :'-||_l . : “_--
. 1"-._ "l i‘v‘r}-:: ;l-r'}:' i{‘ ::JA ) T“'r ;..I.%.i.'-"_‘l-"-‘_ Hﬁ_m..l".'ﬂﬂ“‘h u.'-.'H‘H"I._ R E i
Sy ; :! 1 -t A "1'. ' [ '&' |+.|. h o ‘:-- ] "t P i-l--i-'?-l oy
I"‘Ilﬂh-lt.i: :‘: : 1 .‘| % 1}:}Ei }qr"..' \ rr‘.. ‘. . B ‘l-l't, ':h_ ] .: .",_.I'r.l R
" S T & 1‘ il L . W ' . " .:" '
P PN 'y b 11:%& TR Y . ‘-ffw-;-'ﬂ-‘-fm:r:*r-'eo':- NN B
LA LU HIR LY L LA RN Foann g7, A
. ::\-ﬁ.“.z ::'. r --'l‘I .l:.i . 1 ' . """rt‘ hh‘l%: ] 1I '. .'l:..l"'l g . I‘ ﬂ‘"ﬁ ' ||:.:'r" '
. cie - & ~ 1 . + ' .
PR A et s - """"'.h" o I ) t:;t ” }:“""" et N LAl M".Q.ﬂ-ﬁuhu“ﬁ'h b
- z:r - LR htt‘l‘i‘\'g:::"'r'l‘l."h‘*"l'r':t'l e -‘\-‘*1- T ‘lu‘\% Ce Y . -_ ]
it ‘E W ce } -?t";-.*;- Ol h t_:..-..-..:: N ; '. “,*,_H a-ﬁw-.._u
.- . . _ i b
:: ; , 2 ‘:'nﬁnr . "q;-H:'-E‘\Hﬁ-l“‘qﬂ,'-rﬁﬁﬁ.'q-'-rﬁ-'ykﬁ.ﬁ.ﬂlﬂ_‘ﬁ' R L] ;-._EI-L.'—-,-L“-'--:" I‘l\t\\\‘lﬂﬁﬁ\“‘ﬁ}ﬁﬁﬁﬁﬂ?ﬁ_‘m ______ "n. iﬂ.n.!._ u,ﬁ,i,i._h..nr-i
BN i L . L N . b
. 1 Y N .
' - ' T 1 R -. ' .
G H T 2 i
- b B

..... ', . i. g B hi
- *.‘*::- : : P Ry o
8k : : ¥
l-.. a.i.-snn-.anf.t.*.'- Shd e e e T R R e b | B - &ig;ih“‘u_m ",:-«l:}:,‘}"""; ".'..3;1;.,' "‘""{'{

"l

w ‘h‘h . ) I : 3 K S N .-'ﬁ.m;.ﬁ.;uh.mn.r.ua-.m‘w '-"u-i_ld'
ST “x | D . %

t\x %ﬁ%‘x\.‘xﬁhﬁi\eﬂnﬂmﬂ-‘#

- . - . l; - '1 ........ )
jg G "q'\h.,q?\_‘ll 1-_-_l_h}hxﬂn-%twﬂm“mmﬂmmft\ -
' L 1= R ¥
{ ) '. :'l'lll. 1::_""--1"‘\1- 3:1‘
> 3;;‘.,.*& e Eq:-g.ﬁhm W A R ‘.,_.L'l."-"..h.'.*\.li.'.-.'-r*-"i".“i" N 'f“'-"-"":‘-."'*‘
ff 1'{13 | Wi - “-“"7(_ s s'ﬂ"
t\..a _ w..% ﬁlr-:.;-*-,_{; a'..-ﬂ."-'i.,,..r ‘.. S ety .-!‘{h.".n"'l"'-i":. . “‘.“’-h"-.hﬂu '“I" T":"-."q
< .. ' ." : "-.-n-‘l' ’
.E!' B, "& : u}, .-‘J-ﬂ-ﬂ-:'-\ B '*H
i-%; 2z o - RIS L SRR PR F LT r.g.r.*.“-imu.umﬁn‘ﬁ.‘h‘-mﬁx _
S : - . ;{-*-"-:'l-"-.'h‘x . 1'*Et.. | ArRE
B 1.11‘.,_3,.11,‘ S R o “-‘-‘\I\Ihrm:-:.y"-%hhh_i
. "‘31 e E ; 1. T ey ey W
] - ‘-““::::,:,: ;';..,.,r‘. N A _ ‘t'-. ?.'ﬁ,‘g u*rﬁ*ﬁu-.-.tiﬂ..,. “;.“-.-.n.u..- e e T ‘r-u:b.lt-n.'h!-‘.*ﬁ_ . _
: . i I.' -"'-"h-'-' = " ﬂh‘:_;::b:_:_:.-‘m“i ﬁ_q_“_:d -——— . ! :'t ’I . 'ﬁ- [ “I-'- 1.1“... ' -y
) ) |.l TR l-_l‘_“ - - CE . - . ._ -
" \ .E % : i L e e A A e, i, N :
TS S L AR A e
3 = R
" : 'I.-": :" :'I :
S \ i
| i LRy i
. v ':.,-- 3 ": t': ’ by
- RN, _ NY Y e RS .ﬁ'-::;-::.;:‘_:“.‘-%
! " -_‘,‘-.‘“-q_i.'l "h‘!"!wq_‘i'l"h "I"r“"‘"*“
1) vyt d..h'ltl""“t:_‘-:‘_?-,-h‘l'ﬁ\'--‘ " _1*.m

.

- [ 3
h"t"l"-"-r- Bgphy -_'“. -._- -:‘“-.".1‘1-:‘- &

I e B e T T -
e R L S

1'.-.‘_I L ] "l"\""-""‘- 11[‘-‘.

'l'h
s\

-.l. ‘I b |
Cam ﬁ,_._.._—h '-"1-'1-‘-"'- S
..'l,.l,I lq_- -k 'i“l'"l'."“-‘ '.1.-' -."‘r‘--‘- . Lt : 'u

-

"ﬂ"‘?‘""

.

rrrrrf‘r'_"l"{ e
F :FJJ'J'.F.F;F.::FI'_"\;-FJ'.-!;F_FJ_.J'-

ks’ e



U.S. Patent Oct. 29, 2019 Sheet 5 of 36 US 10,457,530 B2

10

\“ﬁiﬁiﬂﬁ“ﬁﬂv}ﬁmﬂhﬂﬁ'ﬁ‘;ﬂvﬁ*ﬁﬁ; '

vt ik e e re'w * I‘I‘Iq‘uﬁr-lrl . IO, o TN %Y

S O ey s e i as b H.H DL ¥ RS T

i

.

------------

g LA &
e . 4 o - ... .
-k " o 3.
L \ I_I_' i I , . H f
. . . N r 1 1] 1
] . o ¥ F SO, A
R YRR R R ; [ T N T Sl e T T
S N, L . ) B 3 " d
T e e e e T T e -
. L

im0, oy e sl it e e i e W

i._-r_g-_e_-.:h;ﬂmm ivL:I_LH.-éhI. 1&-1:1 i 3 3 | “*l\.ﬂ

Ly

B s AR A A A . R A L A A S A A SR T N I AR O R KN
Si IR S i R S S U e St AR i o
. . . . . - .. . - . . .. . . . h I... . . - I
e e e v e Rt b wml R e e

NI . -
. R _ o ZI;;u'_i.:_ S __h:'*h_'#f Z :
A, 5 ‘-:;:i;t-.‘:-;:c{'akﬁt-:-ﬂ-?-.ﬁ-‘?i'kﬂ';ﬁ\‘-"-ﬁ v

h ", .
}L.' e a T h a  a I a LM R gy MR oW, S

ey

r"1., 1:..' 'y
Feg® e

' ,h-.-.-.-.ﬁl..,-amﬁ L i

.::"' R . _ ! o .I

N 3N
o=

. S : ' T
# | | ) .I .q.‘ M I-I::I I. N .II I..
;?6 .. g \ -..,g.u...-..‘.-.L i \ETENANRAN, f*-.;.;_.
| Wy oo < S .
gt ) :. .: Ry | < N

. L e e e s e . . . . ) ) ) '. i 1
AN N i, B e e T A B ethatigt iy o Nk iy
h'I"' 1 : 1 Th-.- [ . = * - !

g g Ay i S B b R R, Ay R
LR W RN R o R gl ] L B L
1

N el AT R mm Ryt kgl b
T o

L oy 1 1
S L SRR i e
L]
. " .
L

5 Y LI »
v f 5 ; AV
: = _‘|1|:' c - . . .F'.'T-,h '

X .L ' " IR ]
R S SELTEA A AN SLEREEREERA R S RIS S S SERSRE A AR

#‘ﬂ*}gﬁiﬁwﬁ

B
NI T 1?
'



U.S. Patent Oct. 29, 2019 Sheet 6 of 36 US 10,457,530 B2

- . b . . - . . .
T ol Mo ey e i g, ML B
- o | . -
- A .y . i _;_.I.,_.I_-._._-----__'.i...._ T’ - T gt g T o e T T I
. i -':

1 3 .
AR

- “d
- . oy g T T T o e, T T I
x -
K . m . R
- Pannd 3
L | " 2 =
- b .
L | "
L ]
M . e ?
: . ﬂf\mmmﬂi-r_ﬂﬁ-ﬂ -3
] i e - 4 C .
4 ‘-. 4 ) L ‘-.. . - E
ot " . }" Lt
L] .
:‘ ‘ I. : a 6
- 3
' ' B . b'l.\ .
L3 4, ] L,
f- E Yax % . - :
e Al i e - TR Ak A SR A A AR SR S A oy TN - ; .
. [ ] - - r F -‘-._'-I- - I-_'I . .
wh’e—t"h l'i-!' -‘lln.'-;‘l-."-p." ‘\.l - l"':‘-4:"': : ;:r ot A ri-p [ - h “"":":"q -;.‘A'“ E' diz'u - '-.'1--.---|: ﬁ'd ; -.._ud-h-.ﬁ-r’.l
ik ! . S " SR . A
1__*_,_ -.-..e. - tl':_. i te W n e T et Ly ey ek, A AR, LR }‘.‘1_1."'1- 2 _ g~ ™ ‘**". *‘i W wiale Ay %Ny
-‘1--‘ t:i ' [ ‘-‘1-'-‘ ] '-1' . L '. ' - ll
[ .'I L 11 L XN T g )
!:—T'ru':l "'"‘*— w1 E : ‘r ‘mr . b . - ' . -.‘\-._l .
[N ' "1---...._|r_..u,ru.-|.ru-u LT T N T I e B TR T :I.h ‘o . l " L '1-\.
S P L R TR LS Ch] ‘-h-"l:'-' o el LS, """"’" . -'.'"“1" "1'1‘" """ L
W v B AR A% AR +1I_’in-|-+n-ul.-i-h#ﬁh+n-nnn-+il'h"¢'\l'\l"¢"ﬁ'¥.‘n\l"l'l'\tiin-ri'it"q"l- ‘Hﬁ‘hf‘-‘u'\h"’u‘nh';\. rd m g " """".."""" ‘“""""_""-‘T".a*"l:f_'"'_
i L] N ! .
Th h T o . .
'i_'lll-u-wn-dull-ﬁ-qﬁ--h.-|H+u++iidlwwuﬁﬁhﬁ1ﬁﬂﬁ1ﬁ1‘"““i*l"11. .i | 'q‘ll,';:_-q‘_ I‘:.:“p*::b
'..*-." L) - ak W% WW oEWA e TR T 'I"I"-“-"‘l-"-"!‘"l-“'l-::': ﬁ&::h?ﬁ% " . ﬁw
- 2] .
.ql"q’-‘-i?e"'-.r“'-‘-i-ﬂ'r -‘!‘W“ e i L e :'\Tt
n -: . 1;:1'.11
i | "‘,.I"-u .
r: ‘.‘h L
) : -
. e '- [ - .1. '
.. ™ . ,":_.-:q:." .;' a_m ’ 4:1*{{-‘:{1{. 1,-_-: "‘r "'J-"i.- : ! " t "l‘"i ;"'uu*"'l:"h 1'-." . ’I\'\_ tl‘lEbPF“lulu:“:”Fqﬁ:‘:‘*‘k:‘?“?‘"\‘*kk‘* *‘-r—rfzi‘-b"l."-""\-“"k"“‘ " ‘ At h
. R ! L.
. -_'l.
B |
Iy .
" .
'
O
.

64

160
F1G. 179

A
oy
L
y* \
"
II
.,‘. .
e e R IR e ) .. e R #' e e ..
ﬁ,t"::“"lr’r'-r‘q."'«.‘..t..m1...nmummutn.h‘hml:ummxuhmummmhﬂ -I..-lu-..-\;l‘l..ﬂ..-“-u-u- R b LI L IR T b h‘!'ﬁ‘*‘-‘ﬁ‘ﬁ"h‘h‘hﬁ‘h‘h‘-‘u‘-‘-"‘t"r‘-"-"‘--r- R hp * ' - " * Ty * v "
Hy' T ) Ly Sl = .,“_..‘_-..L.‘r.-.\_.._‘_.__-.,_..._.;_..,_.q_.........-..-a.._-.-.- LW ownn 1‘!|'r'|-:-'|‘|-“‘1.'ql"l-“l*l"h-.i.'i|-'tii"‘l i ST SO
'-'-’-‘l-‘l‘.‘-'-‘l-‘-'-‘l-\"l-‘-'-"‘-"-‘-‘5\.-‘-‘-"-"' L h.t-q '..hj-i--l--.-r o --.l--il.!i!l-q-l-qi'\r"ll 1‘! |--r' e B - - - T T T T -J‘-- - !_ﬂ -‘.- Pt a WaT
* .le.n.- -~ .n.-'l-.‘..-'-q.'u,. e — 'H-...-".l.-"l 'h'!..-l:l:"l.:-.ll:?l.-ll-ﬁ R TN TRk AR R R T SR L L e M B R L B M b B |""r i ""r"- L I":""'.'lrﬁ "'i:"'li"'.'.'ul-" e -

. — AL AL ‘n =.. fiﬂ-witﬂuﬁ'u‘-tﬂ'*ut
“ihqné-ﬂﬁihm;%ﬁhﬁ“.‘éﬂ W -‘.Hmru.nﬁ-ﬁ 'Iﬂ-u'” *—*tﬂtﬁ.fﬁ"- f.*._. erallam R LR . o' iy

1{" . - SRR - . . b ¥ :: EE
u{.tl . o t L. ; . \ L. ra .. "=,' . _’*:1* -; . _i'

. L . ) 1 )

_h-i 'Il'll t._.l-’ﬂ ) . : .

oy T e - Co -
- hy . . : ; ; . e . n.-h.ﬂ.téh.-'t ¥ é&i&&%‘mﬂﬂ ¥
. . 2 R T *11111111111?' i T T e T T T ' 2 el gy & i gt et T St
i . X I Wm-’” -, ﬁﬂaﬂiﬁﬁuﬂmﬂmmttm T, I I ey b b e i e, . L-.l:lr.‘l.‘l!.ll'-'- - .--'-1-¢
. LU} %,
3 §- g
5. xS ' N
g . by -
¥ ""n.u,,% N .
. . - -
" "y ~  F s
E. "\". K :" . .
¥, 7 ¥ 2 . ? : 2
~ .I_a Py . :; ) B
E | : 3 :
o X
a h: |
) ol et ol - TP 1.“1.11-..-..1.\.1.1.1.11.%' T L e s gy oy -~ e N e e e R e ' i . :
-------- R Ry Ry L L A e A L R R R L R \-'u-*r\-"l-"ﬁ-‘-r"'r"r"r"'r‘-"!-“'-‘-"'-“'-"-;'-"-"'-"'-"'-""-"-‘“-'“-""-"“-'"*-"“-"-"“-‘ sr.eeTEERE “:"u" "l"' raxEERA Y ";;H"'-'-\'-' -"""1*‘*:“"‘:: “1":*:&‘: o it
. L h - - ﬂ'ﬂ i .-l; :..'I._r-i- » h..ﬁ_ T .-.hﬂ. - -‘1 * H.'qﬂ'q. ¥ I"I‘l'm N .
FY N TRE TR LT “ v 1._..‘- “ T, A e oy W Ir'h .‘i‘h.:h. CE Ex il n.'ln- T % Y rln. -E"n- 'l"l. lln.h- n‘-h“ "1.":“ ‘l‘t wit 1-‘1“ 'l"ll "l"'- '!l:.'l-l- "y ‘l‘i "\‘ N ...‘1.*.{__: r o ke .
". _ . _|:q'|:i|' Y - . o
‘!
':' 'y .. . . . . . ' - ) . ' { ' ﬁ.'\‘.';'l_ ; -w l%-l"
: v S ey LM k- A B e gt and M Rl b
“n.-,& #wuﬂ,ﬂ#wiﬁrhﬁhhﬁi iyl syt Byl ROh R WA i;tm“wumﬁuhuﬁl”n‘tm#% kg g, gt gty gl N L g A "-*- v RS A a7t b TP o S *ﬂ.
I T T R o mm11mﬁﬁﬁliﬂitimmm@w ahed 3 "'ﬁlﬂhmﬂﬂ“ . &
Ce L tw“‘__‘_“‘_h‘_‘““_h‘ww e T R T R ; _ Wﬁuﬂ%ﬁkm&xhh?Mummqﬁw“mﬁ &

"-:
J
g
..1"'.|'r':-l'-

.
o,

vy

: 'h-lhhh-'-h'h'-l-u'—'q.:wlu---'w -
. WL R R R TR
e .

TR L

=%

{33

: N

A i e g e e g e

o F
’ ¥
© ¥
|

4}

¥

§4

o g A T R P T T TR iy P

:
i

G ey g e ot sd gt

3
:.
&
¥ x X .
3 3 ] _
) T % amln'y e .
£ .: i- t...:.,..t..:..t..:..:..-k_i,n..-\..‘»,-m_- -y
v M 't e e e S e S S, S
-]:: kY nl- . -l-:h-_‘l-l---l-_-._- - q_-::h
o . —ETRIRS
|'.' 'J|:_ A . % . _I..:l - .
' * - . .
oot ! 1 -
Y 1-.:,.1,*, X i
e e i X .
N . S . M RN A
P C e e e e . o ll."q."h -
Ty LR T T T l 7 -ty
. ; L RS R E R ') ) %
I. . - * P
i wewh i
T ' ' ' e
L . . . e e e e C e e . ety
"H:‘ R T AL AU T L) A-al:t T Ut up '\|-7r'\I'\I'\-"ir"'r"\-"!-l‘l-"'r"\-"\"'r"r“l‘\-‘-r'i-"n"\-"i-"-"-_‘w_"l\_'l\.l_t\_h"l\_L':.ﬂ."..‘!."-."-.‘\.'\_ﬂ."a_l_‘l\.- N L L S ] prapa =T wt 'l*lr*' ""““"“"‘*‘"""‘"""""*‘t % """""’"""”""’"""‘"‘"", i
t‘ 1 ) . I‘ -_ t L 'ﬂvh‘h L 3 h"l.\_'ﬂ_'r *_W I- +* Fq_-" A A ki ﬁ L 1 Ju vk 'F ¥ ki A H =W h - "
By T L T T T ] AN MR R R S R e U s e s e L “*-PHH-* T T MM A '*""","‘:“““"“"""’“‘""h‘"f‘:"':" Iy * e L
%\quw“mnwwn##ﬁ*ﬂh-u' D B O “Juuh‘- A M R TS T SRS w{h"’”“” ~ "i':-?.u.l-: :"‘""""”"-':‘":%
B ! LT ' A "
T [ - "oa ' - T l - - L] . L]
::* . 1 N i._j_;‘*a ; 3
A L e . Lo L R - ' - La . - ' o . St - - P - 'l-'i,a )
t‘h I;,‘.. |.':|.|,|:|.| .:t._ -E'h i \5_1- '-.1 o B VM e 2w mh, s e I .._';.,L W AR AT M R SR s ure cate St W ke e r'f'-".- i .'h?_'.l-*: Pt My Al e aew s e ﬂ.___.1ll1i_: . ‘._s,,: W . ' E
+ . . . e r*w.-.-_g " ¥
) - u, e T e e e e kT T i E, ' '
L - e s
. Lk 4 . . W .
. ey 1, - . 4
r h [ ] ' 4 'h
Ry 1 + N g X
i ?8 I XY | . 3
B o 3 k- :f ' : n
) B e T ) S 3
'11;': LY -t "E . . E
ALw g L hy R
il.t' ‘ l:l . L t
Ay } ¢ . 3
L. . LB r. n,
. - i
. N *:-*h'l .4 - . ". k
" A 3 3 kN
; B _ : ¥ W g
" I : - . : e - | R
. - iy e wmoamT . ro-
" F + L] [N . . . . v '
r "i"'tﬂrf- e P e A P R A, '-rr e ey L T i) EE A W "‘*"L*"*"""""“‘"*"“"‘"""- - T :
't LR -..i.-.---_---_-..--...- .-.-.--.-.----.-lii.i i.-i.ll'ii.r-l.l. A omhom o marm d 1 A w ok ELmowd kLR E e ETEETE E R 3N W W Wy Y ﬂ\,_.\_l.‘_.'.‘ r"" "\-.-1."-.-.- '{‘l‘-q".- 'r-'--' E-““-“.‘-hlltl'l I"“.F-l-r‘.-‘---!“' .
¥, . . . - v, - " o m - L. T,
. . . . 1, e il o h
; H#ﬁ“hﬂ--‘-’ H{-'-“-#r Cah v T N L P A T T T R P VR S e T LI -_'rf"" TR el Sl {.ﬁ_r"“-'.‘*'“"-‘**"'?". 11:
‘kt . "'|- b - T
E L N . . P . a C e A1, *Li q_ " H
L ' au oy R g W wi#mwﬂ%{m#w-ftw ‘-'-{"\"'“i“" 1
Bl Tl mah A el TR P iy
ﬁ#:ﬁ: - -.::.‘-h:.lﬁlﬂ |~'L:"In.'v:“:"":h'"w- -'t't"'fttu' ':-h.q_-—p.-th::::_hl‘h.‘_:l —a I’.*-éhzn-h'h %%‘:;Mﬂ u“hh:mhh 1'111;"!:‘ . ety e '%
L . %
L - .- 1

" Mﬂmwvﬂ{ e ok, S ALt ety

i _



Sheet 7 of 36

Oct. 29, 2019

U.S. Patent

US 10,457,530 B2

-
i}i%m“‘-‘-ﬁwm

TN iy
R

.F-\.'l.'-." L] h‘!-lr
e
e

L,
i T TN
N, ¥
LA i by

i

AN

S
L
i
ok
A

]

%

AR
o W
N, .
!.‘

|4 . - gt v
S SopT T 2 I 77
r 4 ol -
‘ Ny med
¢ -y " oA
; .A*_ 5
' .‘-I.Hl...-_ .-\.-.Yr ro
“ “ F .:w._-..ltl -
. | :

. -l + ‘.-.H.
A < - . o

o i e i W
h p Tl NI AR e G5 oy R

..ﬂ ..-t_.-_-. , " - Y . el
4 ...-__.h____- ﬁ&v____u\ _.._ .1,___. h HM .n"__._____.u._; “ ..._..:.._._ ._.___..“..._E._.‘._.__..t.r\.. ...__.H_. u._._,m._wm_. v M.
% L P T g : A AP )
$ W N g Ay 'S 3 A
A A O il 7 AREN

5 S Ky, & LT . % AN
v o’ . ._._,_”wn...nt.....,\. e - £oopr ¥ M
1 : e i r N W
Qppoonnnenty . 4 (! .......,.._.:.Su.a.ﬂ\.p n..r.w A mm .uﬂ / "m
. 1 * b _._._ww._._.....___._.. ., P ‘> w 4
% r il mal e o+ v ;
5 ! ., Ty 4 ﬁ.
o - o *, ‘. H
o s r
. Mﬂlw .J\V o - v “aPufala,
. ¢ s L S AT RS e )

—— - B, T ” : £t
o el L 11.%?%%&%&3? L m ﬁ 4
w - = o o o ..H.t..u“uuw..u&l L AEEF ) ]
P 1 S = et A s ! A
ettt e ) : . ol |i¢ﬂnmxyﬂﬂﬁﬁ“ﬂ%ﬂ”{1ﬂ\.“ thlxhu-h.wnnﬂ “. ottt m__
..__..m.___...-..-?..uui- hn_.____,-..“_..u..m_-.lr o : -}%IH . l-huu,“.nﬂ-nﬁﬁﬁthﬂhlfhﬂi.hl h_....i.._.“ o gy o oo .1“...___“-“_..1.... : 2 I W S e g g ._...._W__-.\hln “
ﬁ“\?*kh‘i{lt%‘r ol ik ey g .l..l..l.._._..._lllill.l..l..!..-r.-..ﬂ_..l ﬁ%‘jﬂ‘#ii%“‘ o ol i F A _\.hn._-..lw ta “. “
a..i._.i_hl. Fl Bk et o e o L E - I Y FEA R ‘{\\\tﬁﬁﬂiﬂ _-...-lh.l_.._,u-. m
)
w
'
/
o
:



US 10,457,530 B2

r L | |
r
‘. ~ i [ r
._I.I..-.r___‘_-l\-l‘. .-‘“-.l_-._-_._l ..-.l..___._“‘.l.-_.-..‘._- .
LE
S _.__r.hu-__......n_..”..i
- -

Sheet 8 of 36

Oct. 29, 2019

U.S. Patent

Wt .1:;&

e
.. - ...hﬁ-‘..‘l..ﬂ“l.“-_h.ﬂ..‘
e R T
e .ﬂ\n\.wu.,.ﬁﬂ.vu.h APy

Lesen

. 4

mn.. h._.
ﬁ ]

LAV SO

- or 1_1_.
S
Nt

i “..!u_”_._...
i

.
T iy, Es WCiS Y pr v pentf s b,
o L ....I-m..l..l.._.-t_f.___-_-.l.. L -W FoE "Fag e -% \.V __—_._.-__1.-1..1 -s. r
L Y “.v._.c.. LA m.m,.__ Aol .
E - AR Nt P £ 27 S ¥ LA 4
f‘*‘l'{‘*\* ‘l-l-_“...i-.k.‘.ﬁ. -.I
- Fa ra ..“l ] L - kL
Eihﬁtn\\% .
A __.q._!
o
"
v
ATk
.1. o
r
24
i_ . h -
-.._..r-v_.
_._m. .“
Ly
i
R
il
» 4 “
o A

"

K‘ .-‘. 1.- v “ .-. :
- r ¥ l-lqh -.h F.i W ol
R e e, & B S
) . PR -_ ] L -~
A T S b T
.._..L..u __- .._...‘.-.i.-. .-‘HH-.___ 1.. .f___.-.__ .!l_.ﬂ. ..-I_l.
IR A SO A e e
N A e e A o L TR T
- h..u.u. Tt e ...____I,_____._.___l ..\’.\r CE L ] ﬂﬁ-ﬁhﬁﬂﬁ-hhhhﬂﬁ.\“\
i, 10 L P . DY AL o e
A ...._......_..W....._.....-m..ﬂi\ o o I % |
..__bl-.h_l-tqc\ .._..__-ph_._. -ﬂ\ﬁ_..ir....l..u._ﬂl..q._ﬂtr_..lnnn.._..ﬁmu i a

S

i

- -ﬁw‘hﬁt‘#‘ h

anipgmT

1
o

Y
F
™

iy
L] -.h.| [ 3 Y

'.1:,‘]&1 a2 1

. F-!h bl

"lh'.ll_‘
| "1-

-l"'i-.

A, R R g ey, g e e e e ey A e B A,

el e

i e W b

"

I
- %,
I, S,
Oy gy My T,y gy Py P Py T P P PP 1A AL 1,54, %




US 10,457,530 B2

Sheet 9 of 36

Oct. 29, 2019

U.S. Patent

" im - v r o
AT E NI
e I Y Y
ﬂ\-*nuhn?rﬁ”nh”hhﬁ.:\hhﬂx\ ’

N

et = ’ ;
_-..-.u..-.-..v._.ul_-l.-..-_-l-. ..l.n._.l.. -u_ " .-..1 ]
W vid um.mm‘._w .M fn._mm.._. O ﬂ-

e R N Rt - i)

T R A

" i...__..q_ﬂ_.r..'___.. .“..“ ", o w__._-\..?.u__._m..i.r r ﬁ e
el ey E.:Wa. 7 g R
-\F:ﬂ“ﬁrlﬁr%i#i mﬁ\'"n. J.._- .__lﬁwl..l .t..t-. g L ﬁl_ ,“f.__-.__ : h '
s A xﬁ._.._m_..% S, o TR ,uwm L

al m ﬁ.m lc‘.r..‘ !-__... L-..u‘h I__-.l_-—_. “t ..m._.

- Taw e ™y
w
[T rep—— -'*_q_q_-‘t_q_q_q_"q_- -
) .

v L
. o ___\_ o - _u”_-._v "
r...._u__.h.__.., e, o /
o : " o * i
x..,...(‘ gl E 5§ e T, o4
....u.u__..__...\.__«._u.”... “\ o o T\.....f y .HMR.,.__... .__...n
T ) T e .___,r“n.vw .ﬂ . B o {d
:._._.._..._._;L.._._u..__._. _____,_..._“_._“\ﬁm., “ .__l_.uu.m\lb.. v .ﬁ__.u______..d o l_..r\_.wTJ .__....n......_.\._ o
oy, G, I T et or
$57 T, G e i, F uﬁ\& A3
+ =, - - . o 'y
P a7 T L VA L M v o'’
.h......wt....m__m..- % ._.._.M\...Pnﬁ ______.._,\ -~ WWU._-_,.... M.ﬂﬂhmﬁ“%ﬁnﬁ\ w ._".m A
G T 8 % i
g Y | ] SR v
A m......-.._.__.. oy J;“n-\l}\u-rtr\mc\m.w % i ,
A s NP ’ m., -
t i, o \\..“1.‘___...._, vy . M&.M
T - ; :
L s M , . 7 o
oy i e 1...ti-bHu..ﬂ....ﬁ.ntuﬁ.. v, 4
Py g A PRI LTI PR st
Tyt L IR 3 P
A
A
Ly P
P
(3 s O
4
SRR e
AP (&
e r ¥
] L]
M.\{-u\ = y
3 ..r_-..uW“L AT P i g m
.
o
A
.
m
;
Fa
xr

T
s PV .7 5
A AL e, K
B alan 3
QR oy £y
AN oA T oAm \\T
uﬂuiu!iiiu...r- Wb L Ay .o 0oy . .
TR A e B s L g
“ .m m..w. mnﬁfﬂ;...\u.hhnmnm.ﬁ{.u).ﬁ h_.t._.mmh_.}.rn
R L r + Rl " = - L
&w.mﬁu»n%“&.ﬂ.h«.ﬂﬁw WL a8
SRR sy d

L SAas
i'-ﬁﬁ-q.
.:n..
b

T T, B, T, e T, T e e, g, g i T,



US 10,457,530 B2

Sheet 10 of 36

Oct. 29, 2019

U.S. Patent

e
S

e

v
_ll ﬁhr u .
SRECT N
'l,.'l'."l. '\.'!".Jl { - wr '1.'-"'
I
By,

Y o
i Huf w._._r:.
720 BN
e

o

N
J{%h L
. SR v
A A A 0 R

L
: n
vy TR “‘-«:‘.."\ (e
R AL
I'

iy

. l h.-u
a
A

u
3 4 -
]

NN
ERL Y
W
)

‘ “}

LT

‘I'ﬁ-"’b‘%‘h .
W R R MR A L L e e sk

ba

. 'u_h‘fi;
]
%i{:‘

+

L F
f

[
L] 1
I L.‘r
TR AR TR R R L YT T e e e ettt e ™



US 10,457,530 B2

Sheet 11 of 36

Oct. 29, 2019

U.S. Patent

7

4
r *.f‘

bs :

H !

¥

e e . 1

-.-. A . .-_.

" .-..____ﬁmn\. FERF r o o q_.

..“.ln-.l..-_.l .1_._.._....._............_.._.....ll..........-..l...-1 11\“?} “

AR ! a EEHE

' RURR ‘ . s, oot

AR “ ! o TEREE

Fy o i

11_. - ﬁ Fl - i L) i 4 ﬂ r 1

Ut s TR N T

. Ly r e F2A TS o arwiunt ot 4

. i ._‘_-._..Inl-l-lln. - AL it & B rEras . ad_
.._-_.J._-E-.n.&l...__-t-.wl,l.l.l.l..l.l.lil111111.11!\.11.1&.”%%.-51 iyl gy o ol o l?n-n.\_.__.._...\un...i_..u..__n.n__..l- - wrr |...ih...n.l.|1-...h.~hu\-1.1x1\.».$l1\.._.
o wu_. s R e MR
4 - Yo T T
4 4 d res 1 v .ﬂ\ 1
-h £ s ’ [} F 1
l_..-.I 1 v 1
.“ _&1 r L] ) 1
" ' rs a
: ’ ¢ :

A
4 - . ’ A st A
3 S :
.-v ’ quHu..m..Huun“% ;
- u * i “
w HtWJ s ]
" i

Y uwhh....ﬂ1 F .ﬂ
a -
" +
ifi.‘ “
F
-

...l..l..l.l.‘ . .
e T Al ol o i gl i i e v
ﬁ . o ol FEREEES LN gy B K F R it bl el tllll!\lr\\lql.lr{.ivt_._...i!_-.._l.lu.._l_l_-.....i.h.i.u.u.i.h..l.h.-.h.i.h.h.hEhEnl._.,.-...-.-r.-r.-.-.__.-..__...1..1..__...1.._1.n.t.n__.l.i.l.i.{.lni.i.tlr

382

L

e
gt
wauh
oy
LTRTE R

e T g B

- !
||||||||||||||||||||||
|||||||||||||

kb e

Ty

[
P T T

g

gy iy
LY
$ T, O T R
i
h |
I e ey ey b
e o e e

Ii
g.:::

e - wm

ey

{2 L

!

[ -
eI

L
s 8
LR R
[ i."l"'l"'i TR R
nfe

e T e
"L

—
¥
T

R AART T YT

il

. ‘
%ﬁ#ﬂﬁmﬂa«#&
$
}

“‘"

\‘t‘-i‘n -
\.ﬁ.{
T N
- i LA
[ ]



U.S. Patent Oct. 29, 2019 Sheet 12 of 36 US 10,457,530 B2

kg a
y r
g g f
- L
ety ey, g g v a i
gty
TN -,

wm

L = - Y - e .
N o R e i - Y
’ ‘ - “‘z 1*'.. o e . - e e, F:‘::ﬁ‘-‘-":':'-lﬁl gt ) P T . " P :
4 - L L hprap— L L T e . - - T e T R 1
A *.,_-.I"" ,—1.-"" ‘,ﬁﬂﬂwﬁi“"""" N N - :
Wi

o . u by L]
o -"I} -
L] v '|l'r T
Ll“ff ' R T w i v e B A AT T i TR S e ; " '
‘\ T’ﬁ' 'F";“ " AWy = o W -‘;.:::-::':.::4. L E CL T A = : F\ o W
W, . h.“i- * t‘“ﬁ_ﬁhl » 1 " ) I )
- . i i, e S A .
. l'l'.

Ly

m::- [ 3 "\':.‘q - lﬁr T

i T Ty L g Bk T, oy iy g Ma i MR b s A .

M r"ﬂﬁu"‘h{:ﬁ i A g S L T S s e iy By :“;:f.‘ ‘;::1 By A e s n m By A e - E E
- - b g T e e T e B A o s e R T R AR AR AR R TY

- *,}:1-.-:.:..-,-. - B e My - " r
qt;“' el AR A AR - T AR NSNS S =it i e e T e s s et T A gl
R st e LR LA el gty mnn . %

¢ -

3
9 0}



U.S. Patent

Sty

o

Ll
HHv#HJ nihiﬁ%

\bﬁhﬁhh?

Oct. 29, 2019

W

‘int".nl\nt“"q i"l‘":

o ‘-ﬁ‘--’-rl-r%'}._ -ﬂ--{

-
My o)

L e
3 .
q‘} q'.hiq_*ih'h.'hl'ih.-l"l -.'h..

1-:-...‘1-.‘.‘11.\\11 l\q

.#vhﬁ

ﬁhtﬁ&ﬂﬁ‘j'

---h‘q-‘*ﬁ-h

amanah amlann

'«ml
1.. e

Hﬁh
}11\ L
l.,
-;-- 'h-t'h'i. l."i. ‘I"I."I."‘I::‘I.

“W“

.%... - R R

‘w¢@ﬂmmﬂj-

N = TR R i ¥ g
1ﬁ.-£ 1 F ﬁ‘
iéj. B

il kel B
i“ wmmm
+*
oy T
ey oy T T e T T T T T e T T T Tt e e e e T

R R R R A R s s A s S A e e R A

A 3

259

N

g

3

-

i e e e

FW
anaEaEa T s L 0N

g g g B B By By By
i;hmﬁﬁnmtmﬁ tl#j?\tﬂﬂtﬁiit

#W%HH%%“‘&W

. .
whhmhu‘ttm e e e T

Ty g Bty Wy By -.\\:.l TR TR T

L e
T B B Wy ey P ™,
i v ey g, e ol sy e o e T

AT T T T TR R
i

Al s

A i T T e T T B Moo B Ty iy,

T T g T T T T e T T T

- AR I A L AR ma v ey
””“'{:‘r‘:::h.._.t*.ﬁ,.tuu BRI R Ty Tt By T R T

AR AR AR R A A e S R B s P L L Ll

Sheet

373
|

3?8

W - e e H:'
Lo B B

I

13 of 36 US 10,457,530 B2

37&

E S

Auwn “%Whmﬂhi EE LT lii‘l‘ﬁﬁﬁvf::j
N
g . . e o T

o123 .:: i An -‘-H!‘.“_‘q_‘rﬂhhl‘lli“‘l.'w#

260

D

335

Hﬁllﬁf‘hhli
Ty e N, T,

'
m}“
i e e T

.

W L R, '-q,-u_-q, P T

ik wiywnreewee".

"
e, ol e e e e e e

USRIV S T



US 10,457,530 B2

Sheet 14 of 36

Oct. 29, 2019

U.S. Patent

[ I e S R R o N g ._.!l_...r.i...l gt il eyt il il

" .-
— I..“..‘.‘\Iuﬁt‘.‘.i‘i“i.‘.:.‘ W W W — e — 11‘“1{%%&;‘ E%
. - " =r il T -_I M .l....f-

L - in.l-.l-_.__l-..l-._l i_l:_l. - - w v-lh‘...l..l._l
TR o ¢ o
.H.._ﬁ. # ___TP___
gl gl el el u.._-.i...__....m...i...__..ﬁ!.lf__..\. gyt gy
i

-

arart A Al A e w ,
’

..1\..%- \WII-.IJI..EL_.I-. :

W.-L.r‘ ..__E.utltt..__—k ..n..m
“..-..._._._.._.._._}..u.\.._-\sw
| 4=
_ w:._w.f -
\_.\ il g
“15nal ’

— ko Py - = = s r & o = . - = - - = 4 r r r r r r - - r o = -y g
o ot e ] r - o ke ..1.__...__:- k. ol L ..1.-_.. wEhy wF - L "
w - - I . Ml ot .il....ﬂ__ gt gyl e ..I..n- b t!-__rl_.-_.. K lrl..._...
— B el ol A L“._. ‘e ey swww Loy  Sda - A ._\..____..l..._.. ot il el
A
riae ¥

4%

"

[
u
w L
“ w a
] .._._.
r -._. . .-
.-,ulrl-.\..l.? T e N W R S gt ol P ke e FLE R ..__-...._l.l__..l_-._. ._-..._l-____ “l___r_-...__..._-‘ ._r.!l...l.1
Fem _a_-v‘.!.,-.._..._...h-f....- e ey rreey rut g !..:.n}-hu_..__ﬂ.#

R ; o Famy e .\—t..T-_H..l.l-. P o 2l = m | " Taay el S o rp——— ..l.-_._. L R —p— .._..li.“ .|.+
P S — .\L._ i dde ot d L.....\n.l.l.l\.% F
: I..._-.._-.._l-..u._-....:_l._-.i..l--.-nll
»

oy ';.'lu

- ey
e
T lw ety

L o |
b
™
T T T T T e e g T
iy

1
iy rww - Luw

LY
"
n“i‘l‘-‘l‘l‘l‘-‘l‘-‘-‘-‘-’t’-‘ﬁﬂ:
1
Err ey s e e el e
1
1

e . o o Pl L&
e rrer Ty e T TR TR R

st .W_}.,
A0
N

3

!
Hii‘ :
vy

by

Pt ._.E.._--l Al Aol el Toliffm  Jww s Lawim P A S s N e ' o
.._F..___..-..__ Frra wxrry rxrpd | Arw v e rEma aEmap . F

i
n LI W 5 gl e, -ul%.n-..._hinl.l "Yma wFrE Sraa L g * Kl iy g .- ..1..1..“.
e ! ey, A “ ’ .m xA
1 z ar r A
[ ] “ H “. )
r " a
. i1, u SIS
v ! ! - f . Wl-h
’ Pr o . _._“ 1
g A Y : , %“ ¢y
.m v - - ~ww: ‘mam rAER FEE, BER- ety Swwte Aatar R N I Sy £arar " _.”“ u £ - W-A m m m
¢ e .
. - .__ -
m. % ErerFrscxm- rrx rxa drp cmx ax r mE s . # “_._r
EEE!E{ ¥ i . .
A phal gl gy g ol g gt g ot ol gl e vy ey . LE ) ‘Twrwr Treww - cwwrwr dwsw L] rr - - * .IL“ H
'] il -
- -_ (9 A —..r
“t__. “ . c - - e L] L A -
H A AL e o i w A Rl e Bl sl slbeentietceiilinilpiog i gy gy egyloplin e gl o o ople Pl e it i ol ot o el el il et el sl vl nt” e gl gl kel s g " ™ bl el il i il ™ el el el il



U.S. Patent Oct. 29, 2019 Sheet 15 of 36 US 10,457,530 B2

G 23

518

. Vg TN . - L ' P I . .
. Wﬁﬁ-?-:c-:-:-:-}.%, 1‘**‘-:‘%.3},“""‘, O D Y e mian kA A A R L.
ﬂh@wmufb A . L L 'HﬁhﬂﬂﬂhﬁimhﬁHgﬁéayﬁﬁﬁﬂﬁQbﬁﬂﬂﬁﬁﬁﬂﬂﬁﬁbﬁgﬂ} mha.

MR A %‘am@m PN AN i L AN A s “
SRR .w%m“@&mwuﬁmmﬁﬁwm%}; ol

T

R TR
ST e
LR Celal -

LIS e L,
e I'-.L'_:.-J ‘l\:,:: .'::'?;rl
A AT
AR A N .
"':1'.' g : ;::'u R
.":,: -*;;ti-i'.:;‘w = "."."'t '
ety
g o
il"-'r"r
RY o,

]
1 _\_l.
'.l\. " .
non R v
+|~.-l - - .'1_1.‘-‘4.1-’_-.1 11. " -

-
*
LI} « h

N RN |
el
ST . . R

’ h"',;l t'-“-{" ’ I. ‘ﬁ:'. i 4+ B l“‘-
R R A ot A
- . - - o -

TR S O

B0 o,

o - .
A By . -
B RS
- kW - . - -
¥,




US. P Oct. 29 0 457 2
& & a en
tl
, 201 Sheet 16 of 36 US 1
tent 0,457,530 B
p p

5 '-.‘lr-"u.."‘l
w Ww
""k’ l‘}"‘.-lh;\ m oy a ™" ﬂ_ﬁk-li‘k‘_. rop e TE PR LY
;.,:.'.l._- " -7-111"““- o - ‘-:'1--.3:“;&
%" n ] ;_J_t P ‘1'#
it -~ N
i,{ . "I_ 1# -q‘ '-!"‘i L
- o ) *p‘ -:I"l' . .Il‘. p" )
R AT
n '1."_-1*#1, . |..1l:""'-"lh .,;h_h-
ey Pl ', .. .
et e -.-h.u.-.,»_.hﬁ*_«,mmi,'
: !

Pl"'l. l'r*::"ir*-. :*-- e R
' i R
. = L .;- ] -
R

. 'L _-:"h""-lq."l- r.l'_‘_ﬂ*.-‘:.*l. A
Y k . l‘t :.'5‘-
:x". - - _‘.r...ﬂ.'
Lar - C "_:-" - " -
.y Lo L I A “y .- v on .
S LT RNy
. '_I;.I-Th".\‘.':_' - ll.\_-_.l.:-l:q_-.:‘.'..‘-'.‘_‘__. IR I.ﬂ_* .
L K - 'r"l‘:"'r'ﬂ‘.l":i"l"q."“" N N Ry T, .
" ' o \ﬁ'-“i-l'lr ey .
[ . " *'l '
"r_ "o “l‘d '".".
|‘b l" -‘Ih‘ D
o A =
"I-r' = A .'~_ "
T a%
P
Tt O NCA Y

Noroe
T " . ' . 3
k ".L‘"*'r"",. g g'?‘l*f'- . .
tq_ I+.|I.. .‘h_' ) ‘.... . . ~ - j_- i
h‘ K r'l‘ ut BN L *-..-'...,'l'u'\h"".'“_h AT T o '
. !q_""-'«'.‘h. Wl M h'\-u-....'l-.ﬁ,_m"'h:..w-',xi'".-# o -\'-.""'1"""!':",-”
';I-‘ "1 .'-1.. ‘._,\"* . .*_**_ l‘-\.:
._".""*4" : '1_;1"‘." " *"-l..‘
:':- I.h ‘*l ﬂ* . v 'r"";} ‘.“‘-'.4 1
- - 1 .
i ,.1'.-:-;.:*"::'3 .
L, et A e
L -."" =, a- 14 ' -J -
y _mTr .-_",."- = ; ,r'l- I‘I_..‘--"l' -
u, b TR .‘ﬁl‘ -.:-.:'-“' .= *
- - - -
" R Sl “":‘;..."-.“ _:l""' >
v . ? "._rr I', LY ? . -
I". l*‘n.:"b -:4 .r..i". I'H'ﬂ '-.“1'\ “""u\-; )
= L w* LR E A - |
* R 3] . 8y
h: ':n.::_-'hi'rixit.,ﬁlw,uln*.q,a J.I."h." {-hf.:*“‘ -
o S S \ et b n, ¥
b iy -‘r-ui:'-i-l_"'\-.'l«:- = ot atw ::q‘{}:i&‘ * v
L L - -,.'k,.-\._-‘a. |l‘.:’p h._':""-q".;:‘_" LIS
- . -
= '  w - 1|.||..‘
* I_t“‘l":;_:'..'- g -y’t‘ﬁ
. ‘rT.. . a™ . e
L ™. ;..J',I-i:“-' ’jllﬁ. _
R RN
Ty ;‘r-:h :‘f‘|."I 1'.."':-.".. " - - -7 '.'.
Y wha+” ™At '
.‘:R o “*\.‘:Iﬁ:‘-_:"-ﬂ"! .
i) P Ny
L W F u*'ﬂ" ." uﬁtﬁ
F_ili._-li,'-. L] ‘_ . .
' ""1'4{-'*"" Nt e
who - N *:t’v b
W AW N
AT x.
", \'l--l- E T -\.1_-*' .
T k. . ::"‘"t “t"..."'lr Vo
.‘\‘ll ’ q"l". ':l't-r i \-r'-
- s - *;,1-"-,-_&.1.,
LR e
I"lr-l.r“'"""* “.q.h-f" . '
. .-Ii M “h.""i'”p -',?qrﬁ,.,hl .
"II. -'_l'-,-_'l..l-‘u-:-'_‘_h-“.i- oW
.‘\L“.II'!'*'JI -;F-""‘T !
T rL:"'-
51:.‘ . "'\‘:.‘ L] .
(] ¥ At
ol _‘l.. y” ;1._!"‘-‘"‘*
e l‘-'ﬁ e N : L
" o . PRIt . e
Rl R o
AT F e TN - ..r"hﬁ-k.
LY ,*“\4 i ™
PN ‘:.‘»ii*"‘*,’.."‘ﬂﬂl'h‘*"‘"'+‘§f-:¢::'“""r g
’i::._‘:- Hi;{aw“ :*‘-v "';“* d -n._,}'-u iy
R A Lok LWt ey
L "_"ri'-h-" il At oW
s .-“'_-h"'-\"-i."f Lk
W IT..t‘q_‘l- --_';F L a "E l.l_"'
e R Ay L ~
o e w W Lt ‘f'
""\“ AN & A A e
[ 'l;' ,i_ ¥ - ?.
q.-' E‘I * " I‘ - l;: y: e
: SR T i"'v.,;-"ih--“ T
. ' N, ' ._.-_.,:._ .Iﬂ.' -1.-1. -;,'I.""_l.i:i.." .
'Hr*f*"- a‘l' N ' A -...::'5-"% N e . A L \
.o R . o SO L .,‘:a, Wiy e A ""':-';-‘_1-:?# r g, o .'._-_.:.:L;;*.:ﬁ:- N
. N _"+"'h=uhn‘ﬁ,:- e AN T T - Pam e T
‘:e‘it- . '-.;;;,v":: : o
' ' ' ' L !
"t na RIS, S
NN AN
"W, - '-l-_";l I{-.._ﬂ;.'. I'; .
N SR

L R WY g
s --.‘l.'I -'R:- - "'-.r:‘:x { "-:r_:h'a'-‘-_'u_- R ]
TN 2SN 5
AL .'1.-_-. N - N{hﬁ.-“-i‘;*‘:_ -‘\,5_4 s
. . Lo 4 . _'r...," gl ‘L-.‘ -
O -.-.qi A ) k\‘;‘(‘\"’\t\';&\: LR
i L N MmN N et K
- . 1 r LI T L ! ."rd L . “H h" |“'. '““{h ' k '
N RS AR :’:":\‘«‘
R R WL Nt

O D e
W A < g Y
- ‘:i"ﬂhl.f'i“-r“ﬂ"“ﬂl-"';h} .




U.S. Patent Oct. 29, 2019 Sheet 17 of 36 US 10,457,530 B2

G.25

* . ..,. -
! .:F 1‘.:' B S ':r. -“5- :
AN T R J

2
: .

. aa
-,

:'l . )
'f'# - l'i‘i‘l'-‘-t?l;‘*q_l_“h‘h_ti LI

Furenme e
AR A
- . W = &
L, g :
S 'l-".'-h" ) b
. at o
2 A e :
L | [ r - w4
T L T B
"-."'* : ot wxate
o . _ -
,;_-..r 4 * ‘o Tty .'{:".. ..‘_.-1'__'-.-'
s R AN L e e T
IR T e b SR
. et W
PRl L o Y
[ - a - a
-"' - h_-l'il _‘i' : _‘;n."'ul-lIlllll . TN
L . M- a
Lo ,J'F .':"': I_I , - “_‘1711,'.11- .'.ﬂ . T
- - o AW TR L it e T
ke T
e ST b
' qu* t-r* h
’ - ﬂ-‘i".'n..:'l-*
", > ' L
9 5 4 ."q_ -
-|:r R R 4 - .
» - > ™ ™
L o ':_-‘ - -
."'-l ‘t.'u,'.l:.--"':"a 'T |:|I.|_"
:': l-"'l-"":"- .“.wr ol "‘;.":"-i.-..
. A I St
. r .‘:tl‘rr“- o
- ;'I'T‘- t.‘_::-"_'! T
., i) ..*'il-:":# ;I-' l";" ;J.l.,‘_u L )
- * f-t.-" TP i oy
.- T
b L] - A .
'I“-‘ 1:‘_:1"_1.._1._.&%._‘1 -
-
) ‘I- .
L P .
A T
. oty -+ 1
T - r
. A -
RO Ll
"o
\q‘-"-\. W'
e k™
[ e
|.I-"‘ Wy
R
1:1
Lo
e
LI
";"}'.'q"-

. :-Tl: .,.'...‘;..'-_..‘n."’-.-l.."l.;:!“-,i.
" S It

LR
¥ I1.:"u.‘

[ hs, v
S I, R
e
SR
.-E:‘-"‘i::c! T ARG
l."‘ u'ité.;j:; :'E* "I.-l"
B e
e P T e
Rl WG ! iy
"_'1-":-.'- N A 't'{l‘_"\"" "'-iq." oy n'a-‘_:.-. _#

. .ﬁw‘h:&"‘.;;—: ot :I-v‘;i_r;::g *j..:-.‘; )
. .ﬂuﬁ’..i\‘.%_ ';"e’i*r*hh'&* W AR Y. W, e e
.:' '-‘II 3 'w % ‘aT- + ' . "t ! * ' - - ! L ™ _-_th.‘ ‘r‘:‘-ﬂ'—'-‘
. E TR R RN o ey - : N e .
' ol I‘ __..1.1. - ,’-l..'l..- . - A
B W ‘.}:’;{;‘-?‘2, ]
. LR 13.,_4‘_’ R el S
x_.‘ ...‘.,_".. Y - L.
’ SN "‘.-":"."‘ o Ay A R
B il

LA -
4 Et:} ¥ o W o
I_.: ‘\:_‘ir e
.l_l:-.l.r-;“ .} “#
1.,_::. s
L
i

L ]
wr- T

Y . -
5 § 5
- . . [, P ‘,""R_r l"ﬁ
E - . s [ b >
'E %N u,_\ r:‘j A

PN A A e, et Y

.f. = u At " ".:' 1 : '-_%'\I-hh' = .
iy R AT R i e g i S S M M L O g
B Y e SN ST

PR

r # - -
H.-'I: . : e “:':T!{“ﬂ._-ltﬁ:?l_..ﬁt‘_ahh

e R L t"«-i'-“'.‘ s A W +

g et e -v'-"_"‘#"." PR T e s .,l'
e T  AROTE R o) T .

:'.:
r
P

!
-
"lr'r
T
IR 2
- ';.t
- :,E‘FF
‘J’
1'*-;‘{;-‘
o
o
d':;‘
£
g
:'m?*:.:'i;E
<
e
&,
g
ia

'-
e
&

3
lf

F "

L

']

4

o

7w

ol

'_4-;.;_.-_-_.-,,.:,,:,:‘. M,
._r:
T,
e
' -

by
A
W

]

%

- _ed e -y
R e
.‘15-.""&. - -;.H:“h... ;g,._ ey
. . . 4@ I - .
i e oo SRR, Ul : R 'ﬁ%"’"‘**}h bl .
' el e R Ty LU .- S . L ' : aw AW E
t " " n T : T ke

:f?.;‘.m;w. .

[
Lo w e vy

: : ' For L s el v .

3 {‘S‘a'ﬁr ot e ' e A T R My T L N "f‘;s'f-ﬁ:*- .::b '-;wt-m“"-*b*}'ﬁﬁ‘:?-ﬁ??n

. B A g A ' o .. ' - o e . R, £ : oo TR < .

PTTL, W+ S ‘} o M L N, T N o s R B LI {,,r,._...mw"ﬁ$-‘:? N s

: "}rp,'.t;n

L

g
L

-
R It e U e B . ' + M
N N AT
; T SR AT S i I
RN TG

Ko g



U.S. Patent Oct. 29, 2019 Sheet 18 of 36 US 10,457,530 B2

. owwww LR :i
. ﬁ*%*‘itff_"-ti B
"3’ R e et A SR |
', : _.'1."'}-'." *'ln.'l|."l|..*l|..-lL.-lt:.-l.-r;-_-_-l.:-__.;.;.-r ' "tri:‘f . ‘ .
e eI L S P T PAT
, o ,."3""_:"‘_"1--'1-" N"Y |.":I,. 'l"'l‘ltl-.'l- -

. LI
, ".E‘Th_ 1-"".‘1.

o

S N
SN QNE
gt N . "lll| \ " -M-: 1&1: .

Ay Sl N RSN |
. T |:‘I -.:"h‘. L ' . - h -?"*.\- ) ’} o e ..'—r"'"-".‘ q‘. . .
M . '. ‘i ?#hhh A i .‘ , ._.IH‘--.F.:. .51"_11‘|mﬁ|{-i:"-._l'__:‘:.n. . L\,I‘H )

.:.j* '«. t‘\:..u.;;‘ S .“7.-*_-‘ 7‘7‘-“'1-’3_ ':_-.j. n. S _Wf.nﬁ.,_::rt?:.:f .aa,

N % wL
. r.-;‘l':ﬁr ‘1-:-' LY mTeal T mla e ) ‘h'. _|-."'|;"|..1~ﬂ1'.-'|.1-_ v LI C o .
S R WA T, L e LA, 3
B et i v s, Y e an TN, N & A PN

e £ oo T
FETETTRE N
e ek S o

H"'-':'IL ! "‘%t' T -
8 i vl B > . .
o AT | L IS
I B -‘h.: g . i oy 4
NI e ) A £E .
I'|I [ ;" S Pt C ‘*lhhr_‘r .. . ."l | ] ..:l..' o, .F_. ."'._._-...J
4 LI ' -.' o . a . .L-. '|.:¢1 - .
:" .r.’ o ':.:L -‘*‘_‘_I#' \ "'i‘# i‘:.'-rr F ;“ B r'-‘b"l.;
S A g . GERE. SN
. » . ' & e
5 r:}\ N ey Ly
-q:ﬁﬁ-;.; e iy TN %, .a-*:' R SR
RSO A vy R \ W of o o Rl ——
I R YRR _— g W o " o sl -.'"":ﬂ_. -
a w o Sy M -l . . o, Rt " . T
E N R Bl R A it v BT N ad
o : E . . . e kX -y - Iy ] ‘f‘ K .
Hﬁ.‘, f - - e e T ' 07 e . IT"‘ - Nn'l. :.\v"h"r . " ,: " C 'l.r;." eL .
L NERLT ERORCI, ST bt U L Lot St § S - e A
N, - ."i'l'l [] "‘I-ﬂ a. -L".L"';:"“b,"\- -".r 'T"'.""ﬁ"\-.‘-“t‘-"l:“ :"'H-l -'i.l-'.'hi'l..-'l.-’lll - h‘l- "h "h"ﬂ"!."'-"h-. ".‘l":‘ l"': H';- ‘. :}f
:: . .h'.\..'}-.: [ _‘.I. B _‘-1“:.\ . I'\c." o coeo] . . ' ST e qu‘ . {.'\I 2 o {i. . . ;‘:’:ﬁ
ST P L LN B e aa A T b B . ‘I“v" ._m!._ i ) :* L T o wm
! S A U RORRRRR A TR | C e N T A i
i W :;-1;-.,_-1;hhh‘v‘*"t’ﬂ-ﬁ'-"b‘:"—'“hrﬁ‘.h"h . b ':r -"'r | ' l"‘n_# Ch A
AT ' R TTE O bl oh ; s
. .'i‘f‘x-,_-.“,'. A Lot . "’"."-.'.'" & .
S Nnaemen Yoo T
II'I:' '\- &_". . '?I l"‘l‘ >

: . W 4 &
E - . 1 - ]

3 TR a
F-,.' :ﬁ- . LM ] ':l‘h . ] -
et : L g

I-’ a if.' i" ".- ) )
'T'T—T_TL._LT-‘---'T"A"“-‘ _rr."-."i-‘ I-'h' . _|:~'"r_
" . Y L . i
3.\ _ '!=., i .
. Cw - ‘.. P -,
. i \.\.‘. -:I- - .
Do . .- :
- v F

1'\-:'I-_'-:'l-'hll..¢ll_'
':l - 1‘-,_-‘;"1- Y I."h.'l."h."l."‘lﬂ' .
" S : - R et
_l|l|._l.l,..l.".‘_'..l-I bt - .1:-_;-'1‘. .-l.l‘j‘l.#_-_‘_“:-l‘_-'.-‘.-:‘_""qj_' .‘5 . . .
I NS T} . o e g e L R
"b'h:"" e i Et Ay

W iy oan e i
1 , ' -:hhr {I“Nh h:-ll ‘: o . o
L. L RN .
T ‘..'. .
‘ I.I '- l. . X . . - ' -_ . .
SRS SO W
PR L l.'.'. N, m
T N
" I"I‘r JI n 'y 1\ Tk
o o R
TS S A
f‘,'“?-. 1".-'1 v ¥ i";, "ﬂx
O N
_.l-'.'.: : N : ) ..11"; 'It
TR T I T L
."..l-h NN e S “h.'.
ji.'.:.'t"'- T L
3 SR N
%. : ‘v k_,f;r, .h"'.
[ “! . \."'I"\i .
s RNy DR
aanl K %N
- e - \"' -""-";F:. N '\,-:r';..h]
.:'l ) "l'!-:" - '.."'ll o '-"'.‘.‘:'.* "1%“"":.. E‘r ) - .ﬁ.‘ ,\‘
LR L R TR s S Y '
R e s PR Ay S
N R I-_;:_‘._.._..c.a-.ﬁ%’-. h...',‘}“\;.\ f" A
: . - Lﬁ"".- L] | L]

u \ ’{H- \ s . . - oAt N
SRS T G N S E
Rt L - '

F i r:;" " 1:r FI. "‘.I “-‘-W'&:‘I;;I-..-_T.l‘:' -..' . "lr.‘. i ‘~\:
% u iy 'i_i- \ ".ln.l \ r 1 1 lr . 1‘. ‘;‘ .
u h r. 7 H‘ “t L] o dT. N
S -f'.:.i;"l. M u'_ k .|T ' -l"' f ' ) o
Xy T AN o YT RN _
R ¥ J'I;‘ E 'l"fr Y j.;‘?' - ;!T,':f"-_{ :-.,’.' ',: M" ."‘h_ . T
-.: . ‘-':y::.l;‘., } . .'.\ h""_ .d‘ {'«."’:I.‘i."' { \ilq\ . "I ' .
ch T AN S AESA NG R s
p _ . 2l

*'ﬂ'h-
L e

ﬁ.ul.ﬁ_.-_.ﬁ_.ﬁlﬁlﬁ.*.‘ ok s sk ok sk & = _*li-l'- LI

4

?—‘-*I*I‘-*-‘-‘-*I*I*I*I*I*I‘ -*—*'*'*I*I---‘—*—#-? _'H‘- - L. .- '_ i

fy g
M. :q"'-,

1‘.'_"

Y
m,
' i &
- "hI: n :-\. 1‘ "t:" n - -{ A ™
‘\.t { 1. b .I, !-’ b ] \ .
Sl N 'h‘. . ¥ o, N r & iy
'\.:: ‘ r‘* o ﬁ ', ‘\ h | i."l' ‘i]. t ‘;-'r:'
™ : L o n ’ :a.;.n.
‘I.- . ;&: R\\f}ﬁ" , l\.“'. - \H E .I‘l.p.‘
. . O
e e L A i
R L S R A ,
e T I e S R s B LM oy
R S AR kL L N T
T A S T T 3 S AT M v B 1 R ST S P .
AT e r e R A T T I i
gy !.'l;"r-_:.'-:.‘:-- L s ':1-":‘;?-‘. .'q: e B e ‘:q‘_ :;-'-:‘ b “-‘-f.":':‘:\ 'i:.:‘-.‘.:_,.:‘ '\-“!’-d':' : "_:' roa b—’ 1‘1‘::‘:1%
uw t-"""ll"ll.lz" "!"ﬁ-"--—'-t."'.l" = -h-l‘-. -h.--ﬁ‘r“l"-ﬁ-- q:'-"""' P, . 'a" " .'r"'"":l:" ‘.hh“l“ = -r"|; "‘I."h.‘"-
i T el e T P, ,.‘,j- i T T i migt L M, LM . LI Rty
"y an :leh ‘Iiﬁ‘i H- r - qr"-"l-"!":‘-l -._‘t‘:'q i h':..rm;-h-“,-':r: ;ﬁrl-. ‘_--': ‘1"1-;\1-"‘.1 ﬁl\.*‘""‘“ ‘.-Ir i L
T i T A A e e e S T e T
T g T ey T e D Wl R A e e R *'-f"-.-u'-."".‘f:-:ﬁ' s
Woa e T A e T R e ey T W, WA ‘w-"ﬁ:':l""q,"‘_‘ ¥
‘i'ﬁ‘ |..-||I 'i'"n_ L ™ i h bf.h_.,'.l_.‘_:-[:-:i-‘:t‘\-‘ o= q;::,: t'I N | --"_:'I L :\n. -g:-g:r_"‘ll'l'l' A a'e 1‘|-‘_[‘ ) L] h\#
= T s TN - T Ty e ey ‘k'..-*.ﬁ.__ = e, e Sy i T, G P S "1-",‘ =
Sl T e e e o i T N a e T LR
- I m m i h._q_..-_"-‘\-‘ - _-i"r"“-“h‘q‘: -"I. [ S 1 L - (Wil AR =y .
T e o e
e e i e .?l‘-'_‘.“'u*_ai}'};x-\:
[ ' _-,:'q';-'-_rg;'--gl';_ e iy I.‘:‘..'_‘.q‘r e LA S - .':'_‘: "'—'::-."‘u [ S -‘:"'1_ .‘J."-."‘- N :_‘:.‘- - - o .: - - i
o~ "r“:-'-..':'lu. - i';': T TN o e e et g T R ,,"'l,_'__“}-_ﬂtw.a iyt ,:{-ﬁ.-,f‘-‘-m' &"‘lﬁ,’;"‘l
T T R o maiy T PN e = T T A iy e R e e L L SO
iy -'- bt L™ -_-‘_‘.,_‘tl,._".“ll‘"l:"'"l- LI —" - -"I:':"" "'."L__.‘:'a- ‘\"" :"l ,\_1:"' "h‘ '-ﬁ i:q;“:]- e o r -"‘H
N T T e I R T TN R ‘
‘:::-’:::"l;hl'l_ - - ek gty e T e e e i e S A it s | g
ey '

By -t:ﬂn.t-:'-t:::"_ ."I?:';' ]

-

Tt ey, -‘l_:'"h'\u-‘--. - A oy R, T L .
: Ty b e e o T T e Sy R et Y
R g ) e e et Sl e i o A S '.i._"u N
- .:111\:'!1""1 [ . . oy g -‘L.‘l.-'l.._q"' |:"| - ‘_‘-‘l.‘l"ha: 'r"‘l-?hl -y "I'II'L--‘-“‘ I‘Ir ‘m" "
e e am ..: S Ty ‘_:H-:t'; e i i R .".:'"" L S, E.,r"-.h\:t:'-‘h"-‘a-‘h ."..:‘l_g ,ﬁ."'r-. e g -
- q""‘f"ﬁ""’:‘tl“l :.t.‘-‘. - B b h_‘_ﬂ*q‘_*-r_“ _'\ll_'lr --._-.1-&'_-'.;'1‘_ .h- : ..-._-1-._-";“ *r - -_11-\'\';'1' Y . T "'q‘_ m
L. . Al "v':'l:q_ - T - - e b L el N T I, - {-—"‘q'h"\- - E\'.

A - S 'r‘\r"'"l'l -_-r-r-\_-“_'L:":.-_:h"h - mom .‘_...._‘_‘rﬁ'r‘- R a u._.\_:‘__‘q‘.‘""r -l-.-.-\\_‘- t‘_r‘:"'lr
b -..ri:-"I;'h"'l'-n."l - e \ "*-"-"1-’1_& e ey L

L -k
- L] - Bl " VR . e a'-rh\-“r.‘.f_i"‘ o
A et A o s ST T O B AT

AT e e i T
Pl Nt T e -
e el T E Y .

o e e, T T K, e i T AL, e - .
e e o o SR e :"\-'u:t'ﬁ."h i
T e T e T T e T T T N S T — T h T N RS
- T Ty I"h"ll il._w '_i;:-'x""t"l.-?-- iy LT "h'"‘l e _‘1; ’ h-h-hl" . ] o - ' . . . . -
- . e T e e S T e S \ e SR oL Tt _ , hy Bh N S i b e
. ' - ' ' L '\'ﬁ i-r_.. - Ahqﬂ\‘{ﬁ . . i r . o \ ot - - I ' e ,
R E R a0 20 UG S % AR e

R Sk S X
. - e m "q_"'“ . - e Iy
.l‘*.":'" ' '\ .\4‘\ T "i,'-.'_'-f_f.'_v..;:,:, +.":' - I.‘us'{;.?’."
S L ;',1" * ) .
) }1‘_-'" 1“:‘-\,‘

SO

¥

.7.-.7.7.*.._-\.7%; .

L,
iy
.

> LA S
vy LR TN
. . o L L %
ﬁ, TN P 2
| 3 :
e

v

e
N | BEA T

g SR

oo

LU
N
‘hl‘h P R & .
’ b .



U.S. Patent Oct. 29, 2019

- . - - LN .1‘_"\'1.\,
St S Lt
ﬂ:'_ - F.'r _-*T . _‘;‘1' '.i-"'
"'h'f":‘ ' -.\l'r
[ . -

-
+
.." .*::-v...*--.h.. Y e e
I'
™ .

- - r

. "’.?..' L T
' AL .
e " M- "-‘-"'-“'- i'h-'l'l:".l

{‘u,

! + ﬁ:"" - "ty e ""1'*!“151*‘11‘1 i'..'i.—lF-I h‘._q_"-_#ﬁ_‘-_ﬂ..hﬂr "'ih

'-!"'l“"l -il.-hl"l-l-

o B R R W S T
1 ? l .'r-_‘ L] iy -
L \Hﬁ."“* L -._l“'-:'::"
» R R o T
' W L S L e -
- , - L e - . L ' . M X
r _._._."‘. . e _..,_'\rl' ._.‘-" Ly
- -k 'r!-_ 'l.i:. o # "'.'_“'H- "...'n
"- -i.:""- ﬁ“l‘. --|. T :'I. "t-. |Iri-li‘.
T Lt R S T
Rt gt .
' o .- -:'!' a r
o o T o
A " n -R, M ¥
e s

g T

WA L] -_ A m b 'f""'rﬂ-"

- ] - W -
.xﬁ'f.".r-.'h e AN

Sheet 19 of 36

US 10,457,530 B2

N ¥ e
ey

P
.h -

T oL

X
.}
- " H E
K\."". 'l-“-"\"' il - q‘h"::-‘_l."'i;“‘i !"" 'E
L :‘1‘ . ;-.__'-"‘-'" . “I,'... -',.,"‘:‘1:-:"'1- . L - - *
B N - & T %
St e ) ‘-,,1-‘;_,;3-‘ L rl_.. LA " -
..'I et ;g*..-?.* -q.‘\ 1.1‘ R ‘.'-I.'\' é’ . . .
“""."'::.l".' e -"’l{{‘ W i" o A £ "
A R S S ; :
WO e AT e " g o H
u:x.-_*.w-_._,::-,.,n"-.._.ﬁ.t:,__ Els Yo L a P i
o "Qf,ir:r-;ﬁ';"i.é:qﬁ-"' o s
o “K:wmlw.m | B ;
. -n.‘!.;nhf-‘h—-‘:‘“-"—"h . ; ¢
+ "
oo
X :
, ¥, S S @2{3 : p
' ';F .E % . '}_-I._ .':. LY
’hﬂ-" ﬁh-'-.'-e-.;hﬂ - .
! o :I- i‘!"ﬁl ! qiq‘-. . '\' b
-, . A h“"‘-. ‘{%1&%&111‘; H—-ﬁ‘:{_ _l
] : " A . . 5‘ . - “
< BRI R A LR Vet o
et N SR
;r 'ﬂ:'r’"l"t 1-"-"5‘\"'11 '\-'\r‘n-"h 11-‘!:'\-1‘1- :" ‘L:lu E‘h‘hﬁtt‘:h‘a‘t‘t‘t‘l‘k ¥ " ":'t't"l"l't"lﬂr"t'r‘t"rlb-‘ti‘r-t ! ‘I"I‘t‘l."l‘u'.h-‘h'-.a- ‘i‘:'l-.
s Y RS ey ey A ¥E, &
; S e T I e N Eaa Lo S >
?’;‘.{“‘i‘\ o "":"-"":"l'"'?'i;"':"':‘nl"'ﬁ‘ -1 "’" .:-r t‘ﬂ-*—"".ﬂ'-ﬁ-'-,‘t"‘ LW % : Lk #Q*‘lrﬁ%mﬂﬂwl{ -d"‘;“-‘ﬂ . ' E: X
B ARy, : A . Fas s S Sl AN g%
'1‘.,"_'- :L‘:,}t ;: : p M"ﬁ.iﬁ -" a_“f 3 N ;. 5, & W ;:r-.ﬂw-ﬁ#%ﬁ%'q&. .}Hﬁwhlﬁi h ;. E
' uy PR T, : Ak v ) Y - ' - -
i I SR -":3 & -0 L &% - Yok .
1‘3?"::-*1%%-1 ‘h"ﬁ't":‘;.i a‘r:*“ *‘.} lrl:}l‘.’:" 1.:“-.‘:‘#_‘ 'E?':‘.I 1| t . l-‘ . . h-:*i’ - - ‘ - . r '
h R ‘n,.'!:' -"'la q.l."'-'l N 1 % _'l-ll*‘--_;_-nu-n "'r A P e e -__n-_f.-‘.l,:-n._-hn--l h‘-'h..'-h-.hh . t“wm
E'ﬁ _.H.-. % E-u ﬁ ."' - 31: 0 : I }L-.l-} . e *;. .!E,!.“;ﬁwm ol : -
+-.,F-n'h - m LY 1‘ L] LT .
LAAE H‘“‘-—%tﬂ-ﬁ‘““ SRL TR hiq‘-ﬁ'—%xv *v“'-'{'ﬁa.‘{ *:_ ' :'HW bl “1“‘.1-.%';':_"' :e"ﬁ-%'-*-ﬁ W&Mﬁm uax‘h.’&hiixx‘-.‘h“-h‘t’th‘ﬂﬁ‘{hhﬁtﬁ ;
) '-n--».'u;‘ m-.mw-.mh-r-.tﬂ*--q. t‘_:'ua. W:" m"?rn-r-.-.'rnuaa R S -0 I R g N » ii - ' C
- | - 3 ] . | T -I‘“ LI e -
‘*‘““"*‘*‘*‘*: e ﬂhﬁ#&%ﬁ%&‘ﬁm o A i"‘-"""""" " i F ones el _ i ,t %
o I TR ¥ - 'ﬁé. : a . - - i . )
P . v " 'h'b't'\‘l-r'r'b\-‘f"rrt‘ “u'nxn '-"b'-"'-"':-"h A e e e e
-.‘ET;"*."‘ ‘l“‘{* #u""\.\,"‘ﬁw,,.,m ,,ﬂ,ﬁmmxwx RNARNIEEN ‘knn*u‘mhhﬁhxn;‘l:};': preblt,
ﬁﬂiz: : Y - ! *\-'l-.'l-.'l“'l._"..'h,‘.*-m 1} '-l R - E ;
ﬁ%mﬂ‘l'ﬂ' M’I’t‘h i"h"- "-.'t'lu‘l. t. - '-i.-‘l.' ‘h‘i.‘.i.!l.‘.l.?l."l.‘:'l‘l
"1., T ‘1._1._' 1 1.-., - "5...- b - ‘I&
. # :‘*“’rhrt‘ i""*‘i “:‘%ln E‘Hw 'ﬁ.hl"hn'h ;hnE By qﬁg
B e et _;. T S PIRANNARR NN TR ﬁ;-f
- mr:'-tgl":&rv?b';x- Nl e N R 7
. " T Ly I‘l"‘l-"l'-.-..l 5o Wil i !
.u..f;ﬂﬁ'-.\'h Ny "Ff"‘.'.'? Y _;'. "::' ' 1 v I‘:t o
oy '- ‘% b A Y A A
" wo* L N A .- ?
R A £ T et
s y L A 1, .' . '
N R SE R i P
'::- {'. “’-.,: :: '}{ B e ::‘ v i S
i\ K w u ok 1_ -
““‘: e 'b“_g&‘ u‘%.,'-%ﬁ{; .;'7“ ﬁ.?‘h*"uﬂ"*ﬂ" \\\b&"-‘\ % ;“q?‘l }Hﬁﬂ!ﬁﬁ?ﬁi“%x
II""-“»--"L " *tx r"t“n ‘:- " w :" T "h't"'l Eim -."l-.- Lk r:.' 11.5-. "l:'l. -.1; -
i [" I --- i . .‘
S vt o T
B RN . .*':' e :‘
- - -;‘:""""*‘n S ey e 3'-!-"1.-‘-'.. PR -.-wﬁ
T, i ;:.-',‘"r . i ". Y
- . u_'-.- - Ry ]
oo F,"-. -.d't ’_...."'- ..-"'
. . ': ."‘t’l‘:' . _,1 x “ a | .
.'*.,':‘:: e b B B T i B T o R A i"t‘\t."g v ﬁ . I?‘
- f-*"j““"-‘“.'rj AL P e .
. ':'-._ . “1":\:\ . .‘-I e . -
;1?1 St et s
e N et
A i
-“ rh"h“'d‘:“'.r}'- ) I -
. 'l"l”"..f: --"'rh".“;l'\'ll a "\,1-[-. -
R R N e e
» - . T e -
N e
i . S CNELY
Rl o PO
Y AW o ey Y
. l'-:q ll‘ll-“"r‘l-*!"‘h+-uif:‘j_11'~'-l:.*.- .
LT LT 1 J:h‘::l"
STL LA e
?‘\.“' r;..- . {r?ﬂ-:r' ' : "“".I-.. = rl ‘_F
¢ *;*.7‘;.'1-.“*.” = :-'“" ”"::‘ |
f.“““““ Mmoo -'5‘4':"»1 ﬁ%ﬁﬂh"“:ﬁ'
¥ H:l" :-I Al T PN "n-\."'n."-\.‘..:"\.-,‘_ﬁ"“-\- B T |||._|.. 'i'l'".‘:l.'- - ﬂ'.-.
L ' ."- . wh - al-
TR et
s, e e e
NSt et w .
. -...r_l |F-l'l. _.,__-f- i.Q,l-i -‘ \ _ d-‘"'l!' R ';‘1‘.';* "I
1 .-"I N A 4 u-“"" - Ll o
|. ‘F:'q 'Itl'j:‘:l' ) or . -‘".. 1 = ’ | §
P T r
"-.-‘::1- . ‘__1_:.' “+ - l|l.,|_lil‘|'|' ﬁ
-l--‘f'_‘- PR I ) - 1‘-1-'
T A et RN
..‘b.‘:\b t:'q:- :.:1_1“5 PR :-‘1 ;:_:::_.J R i
-y
i ' 1.".“. 'u.ﬂ“" o '
_.'\.‘: v = - '-F‘ - '
I. 1“‘- L -I-| '
St L L .
.'H'lr_."_"""\. o *'"",‘_1 . ;
i T ::':_*-":1_ R : 7"5._' %
B Nt S i
! 'l. . ! i‘.ll: & "'-I - ""- v L |
UL S % *-..F‘ ._l__‘..,'h.-_. s v -‘=: = 1
el N ;
»+ B N = 2% r -
TR 1{1’1 L ﬁ;“:ww W ety - ;
" e =t AL AT, T -32 1..‘\" .‘- h
a - ol a . . . -
e AR N, ¢ 3 :
rL i.\ ' l'-- - i ’ . )
S 3 ha . -a?f'-'.- } 3
-Il +_‘ " ;ﬁ.i-rl' . t.‘"ﬂ' L i
'.'I 4 r .,.,i"‘. |.:-I . S L .
WU o PSR, L
g x ST LT L F O
R S e by, SRR L ey
"‘:1'“':"_ , ﬁjt' xgr o el @ - m&ﬁw.:ﬁ %
b i A “ Ny . 3 ey A o A %)
e o T Lt . '.;' VR S i e ¥
M N, i "q“-r""""-"'h-!' ""-'1-1"'1. 1:" ‘P—" M M - By S T 1":,‘ . tiyh
LSNP A2 “*"‘3;, ' -;}*ﬁ f"-‘-&wu‘“-‘-'- ALt I
A . 't;-"lu‘ .z-'b o ) n.'h‘\ . __‘._ﬁ ‘:"
?': - 1‘ " :-:'; . N 1!:"!"‘\' "'qi'- h-«.i.-.q.ﬂ,v.l.-..ﬂ.t-.-.\.ww g L R N Ny o A == 1|.l= :;,,1 .@*.1.*—1.‘\.‘%‘-‘-1‘1-“.! - }L‘:'{{".
o " R e X . . : ."‘ e
VR e W }#ﬁ ) & * N . ""'H'*
-l. '...'.I .1-.' % J.l“ i..'il."l-"'"“‘ ' W Il"lllm"l- l-' "::' 'FF""I
":“?""'E‘T P B L e '».{q_-.:,_ﬁ.,, I b RS R A A T g . L ‘{'e'vv -ﬂh.'\-m.'-lt-e Y '{
::. ﬂ,‘r .""I., 1.|‘_ --I .f. ‘r __'l-_ . r‘_-l:". 'n:i_ {‘_'H' 1 1 .:1- 3 . :-""-""‘“I‘-"r"rl' '-'\... _-_,#H.“'hlh\_‘
Ny -b.:.r‘\;": ‘,:'. ,..l".': ;3 - :"1- i 4 3] :-.' P . i . 111-.1..1'1 :"i"'h-‘l\h"‘-llhlt"l'“"l“:‘ -.1-.-..-:.-.-.-‘1
.‘. v r } T F"-"I.‘ .}:1 ..,: . |"h. ﬁ - ‘_% ! 1 \
R 2 RN ¥R P el A 3 M
-‘{Hi,*’::‘h?“*“:ﬁ? ".""Ii‘..::‘i"":{' "‘H ':p}:‘"‘t;‘;‘""t‘:t" ' T‘“—E"’,"‘ . ' £ _, ,}.,.-..-:..-wn.n "y }“Ewmﬂﬁﬁ-ﬁmtmttﬁﬂhﬁ.ﬂﬁ“_ﬂ 1;".-"'...'\.-\.‘-\.-!1-‘.’ g
- s ow g : a - ‘n- " P e . - .
i{t X - e b N i:w bt N R Yy g T e e L AR :[ Pt e e
- ;T.‘e.“li_;;_ti;.._h e e KA A m A u‘l.{: w N i e, o S, A e T e A :lwuum-u;;t;.aua.iiaumﬁ*jﬁnwl .
"h""‘\-‘h‘h ﬂi%%ﬁ%ﬁﬁhﬁmaﬂﬂ:*wwh "!.mm.t.':.u‘gr,h,,fg..q.-#hh 2 e . 1 - - . .
g S - .krﬁ.mﬂﬁw\
o -Lﬂ_-f_ﬁ_-\ﬂ_-h.n,"-‘" T ﬂ
'i

i *"“**M‘E -

“ ‘hhbt L-hﬁ:’h T

- .:'h::.ﬁ-‘-.?"l:.l-'.l"il 1"%._"1‘\-‘1’\-

R

ety

- e

L n ."':' £y iy ‘ '1-"" "n-l-"..'t.‘h..""l.. *"f A '-"‘L"':iﬂn'bh :
. '\?.4,;5,::‘:,:*'5\ "3'::\ Yo % L R - WA i . o
oyt SR AR Fps: } F’i :
P f I i L L by - _ '}
o SR T S I Y 3 £
LAY 158 . 33
T i “ A .
nt : é’ u
:'q ’ ':'. B i. - :
4:"'-:‘ . £ ow m',_.%: . q by
AN Kt LA ﬁr‘ ‘% e
A TR VAT M ‘\w *?"’St‘a.!m
TR ‘?i. “3&"}-& 1 ;?m{.'- ) ':3.- i:t'-'v: o h.ﬂ'h“i‘l- 'S-r"'l-

,,!'-‘ o t.,-.,n&wﬂ.n.t AR AR LAY
nmw

h--.'-i.

"\_
{'

AN

"%f" 11}‘} ,3.'3*{“

#-1-‘. ’

v -
. h.'l.

g T e Ty It gy

._'lru

B33

1i-

L L]

+ A

Bl B nl -q_q W ﬁﬂ%l"\.ﬂk“,ﬂ'ﬁ“‘,l‘ﬁ ,l“l.‘\."!"ﬁ'ﬂ."\.‘ﬁ. 1
a . . .t '
L ‘. 1

- "'L'll." "
: 'ﬂh m“vﬁhﬂ Mmmw\
Ht‘&l‘.‘q\.&l\.‘tﬁ.

u;a-.,

%

L]

-



U.S. Patent Oct. 29, 2019 Sheet 20 of 36 US 10,457,530 B2

S | _'. “ g
‘b-'-‘h..n ft.,'f Ml-:l--"u ,ﬁ -h‘m"& -"r

. o ‘“;E.{.'-’-‘-‘!
*, - I - | | 4"' | O ‘:-5 ":::‘1; ":"-ﬂ-" "'i""
"\": . . 1::'1.','!'.1'._;;"_ . g“hz hﬁ_::_ aq,:ﬂ'h’h"u {"PM ‘{"véi‘ "-"-Hﬁ 1. ‘\-11'1.‘1- ruEE 1-."'"}.&. 'hl"-"

- :‘:;‘52';'#"" 7

o . oy

L} L] '\'-.
. N . _."_q_'_'a l':-
' N'- j.' ﬂ- . 1 1 L] 1 .i-:_ ":llf -‘.'.f -.1_

. - " - .
W , S R RS SR~ S
N AL

¥, o

'y
" q e J .{ ,._H' ‘
Ny ‘t.x'}. ,:g‘u. L. ,,_._m'h\h.ﬂ-

W r:
.I\ LA 'ﬁﬁ

d'

'l.'..
W F
N
e {ﬂ{.. -f,' 3{
. <.
{"i*- "'P f.:.-‘:.‘._.,, w_;r_..q{'cav. ,-l'f

1

N i N
'-:5' -33":' R ‘*S;-Rl‘*.‘”i‘ ‘..

e A A w“ =-.. “ﬂ'*-, Aastie 7;...'. Ay
:_'a'}xr ¥ f “*:.». 1_.._ ;
I A iy - 'E [ - [ 'F" . .lﬂ-‘: "il' ﬁ fé}
T e 1 }t.‘h'l "' "-.'n‘-"'\"" w e ll"'n.f:“_-'h .'_ ' . "'""'""&-

F o




US 10,457,530 B2

Sheet 21 of 36

Oct. 29, 2019

U.S. Patent

mmw ved

‘ .._.m..nm. Hi%ir\\\ﬂ\.ﬁﬁtﬁﬁﬁ“&.ﬂ%ﬂ-ﬁ% Hnm. L
o ,_.w. ;..ﬁn .ﬁ_t SRR R e,

A f LT AT L 5 i W < W A o o A wron e r.:..,_i.uq:unu}..}\i.n...\.!.r..... e t..n....lf.“.
: o S N il R il il i il O '

m_mﬁ et~ w m

M. ”
Exraﬁbiultq?tnuhhqla}m a,{,\mm _.h_w.x_,___. .,...{ ek ..{,... }w}ﬁ }_...}.fbvx

F o ol o _..__. .___...-_._...ﬁl.rn..._._ l»n.__...-w__..___...-.__h...-...!...-_.. .__.-._-.__.....1. . t_._.lu.-._..nlll-lq_...-___ll. .l.-_.r....-__._.........__-...____-r L . .__-. - F .-.__.._..t:u_...___tn ..h.“...___..._..__.....l.w_ _-..lll.. .-.I...-.n.... 1111111 .
A -Cp o # F r g F A mogasom L F o+ F o+ W F F 4+ - § A m A a s a L aEE o kN ._.-.._.lillihiih__.ihi......_. CEC i B N i iil-.-._llhi.._._._u.....-i... .E-.....:.
-, - - - -

W Wy W

lllllllllllllllllll

0 - I" I
i “__m.. ’ I Y | A
iy .ﬂ.__ - %111“!\1“1 hﬁiuﬁ.nl‘ttttuhhsﬂﬂl. iiiiiiiiiiiiiiiii -q....p-.mqq - - e e et .i...i...- N R .I._..“lh_.i_.-“ T
\ ' L Y A - I... . _-
. . “ ] . “_. . AL £ u
AT ¥ . Ea
’ ! : v ; 1 1 -
. L T T 3 ) -u. ', . ' -1, 1 F
R .. ey m SR o
| : _____“__._fm. . “-.m Y w SR : R
) % AR S SR H % - :
e 5. SR ke h S b T |
- - I_ i “ u ﬁ..l . “ ; ‘_. ”- . “ . -
n.nlt-.. L5 i d 1 ¥ [ ] ' . -l “ |.-| . ﬁ..
o et i * - "R * A cu_- S ! .
) 0 T or A bow e - - .- .
"E S E by - . g 1 SHoA N :
. . . d F-A _.1..‘. A a L .
. L L T -"- a- A A r :
. - .‘ 1. 1 ‘ d - 1. . .l ‘. H - . .
i T 6 ) voa e W
. Jor o DRt 4 et R u Q - .
. S S R doa LD ) . .
¥ RN PRI A R g Py
FEE R PR 4
£y R P it ¢
¥ R - Fo-r L
-AF ce T . ..ﬂ. ror L L “
_.,“u. PO A n r 1 “ F-or. ,
._ T ..-_“.-—“ ' . h__ P - ;. q_...... )
.“,__. S g opor I
i b b i “
: L, L Ao
|\Lh |1 | I i I ‘. L] ‘.
“...M" r v 4 A -0:-m ‘e v L
SR A IR a
I R EANY R ‘-
3 B £oa ¢ il 4
Y VI Aot Y.
o I A4, ’ M '
) i bl u n.n “1“
. 11“_.1 ‘ .“1 h“.“.l._Iu l-.—I N
. Y M R R A
S m..-___ : .u__._. _.,.n . " “
t 35 e ¢ § /
M g 4 < e 2
i gy ¥4 - i “. . . .__.1 . “..__.. b
M T H | ¥ b :
- . |.|‘. 1u. I- b h 1. _-“_l
_ 41 W Ay L A
! e 5 % -y X
1 -”_ n_ _..- ._‘- .
o e ¥
. - A
’ . A

b e s Rl B
T

Bnakha
iy By Ty i T T T T T
1 - .
- E
" " l - M



US 10,457,530 B2

"'Tﬂ-:f‘:""h""'"\"'r"_ .
-...q,'t.-..,n.._tfx-,{m'.l My

-

.-,'-%
™
' R
toT

L b b b i i il )

. ":i:: - e
L. ol ] -.-.‘Sh,.n.

--‘:h
'T:-."'

‘-. - '-.-1:'- .
s e

- '-.r:u"hl
...ﬁ.t
-

-
" -"'f.-j“-.-'-i'-

"‘i’l
'
o .

!
1.1.&."1-. T Sy

Sheet 22 of 36

L

A

byl
a

{:11

'\_'F.L';.". i.."'-.l'l-.' '1-.\.
N N,

"

R

A E TR L LY L L U LN N

n,

. g "::-'-f_r' &_ _:'_'1_"\..5_"!- ey, Ty
e Aehgtvin

Ry g gy Al Ay
el w s e

n

e

Oct. 29, 2019

A Mo e

T

.ﬁﬁmwmwm.}ﬁwﬁan
e nrteaainn,

..W¢W”. ........

I
’d

-

'
e

Koo
) - .....nl. -
- U

U.S. Patent

TEE RN R e g
LEEWT R LLLLL TN

ety e o b il S L L L T T T B B “E
Ty R e e e R T Y L R e R
% T “H
" .

+,
LY
AR e e

‘ -
PR S

ct
g

H

dAE

vl

L _...
.-..._...... .-.-_'... L -
.. .... : . .t...__.ntb.IN_I. u.i..‘p.

‘_.n.l'ln.l'h.
1
'

i o
e At "'"."l_t

",
3 ﬁ....

RIS

'a ' . - - 1
R T

E 2
Tar
-

L3

LI .- A . .
L P AR D CA I o 3

1 AT T TR T Y

.. e
. I '
“ahw

R

. B
u
Y L R R

SRR

g
o0

_ {f}h
..I .'Er\n. .

By ny
'.#'1

. q }:‘iﬂeﬂzﬂwu:ﬁhh g g
T . L,
a t!‘ui -..3[-:
'H‘I‘h'h.::hd“lt
CE 1T
it

L ey

A&
N
N

3

-y

gl gl gl i i.l.lu.-.l.l.lulnl.l.lqlqv%lqlIii.]un.l..!.!i.i!.\th\l-lrl-\l.hn

1 ] .'F r
Wi e ]
—— L
- 3

AR R AR R L

B LR R ER W -

N .
1_:-—"1"'1-"%"1'1’1"1-'#‘!- TR
LR L L, L Ny T A,

g, I g ey 0
-

L L LR RN

il T R R e PR R T R 1
L S . da o e o o m m ey

i-l.' L N L R A e R,
"

i e LT LT E LTSt ot

RAGARAs b

R
-

: e e e h:llhlhlh‘_'hrq_‘_l‘_‘-‘_
‘:‘:‘:‘:‘. 7-.7-'-.:--.-‘_‘_ I
]
}fhnu
5.
b |
™

.‘ . SRR
- h.'h'h}ﬁ . it . -
TEAER ;

y
L |
;

- - |.| . . ...1_..| -
. - e - L3
- o
. u&\ mE -

- et e L L e P " A
.uﬂuwwmLMFMMMhnMWﬂMN“NMMWUNMHWNWJ.11%HUWHMHMHH..nﬁwmnijMﬂ1m14ﬁ «rﬂ - gwm i

3

73

-

-
L o

et
wara
i
IT' . ‘;.1'4:-1':3'
-

.._-l,ﬁ.t...

W L
A

DO o

L " G

BN

TN
b |
.
E:EEn

P L LT X

S

r :"l.‘h.."— ke e gy iy e gy ey
L mmmm e B e

bt

}‘_.
-
W

ﬂuﬁn\m

ey

: ':'lnr.-
r
T

[ LR

R

iy

w.l.n..'-.
-~ . . A
. r = [
. 'ILI. " '
e - .

R D oL

g
Nyt

N
'_}

'ﬁ%mﬂ.uuﬁ"W o a I . .
Tyl " il =
TR B R S iy ¥

:"l E’-. '..E -
e By Ty vy w
’1.._3-1
u'
R A
e R T T TN W

~ . :If;!:;i-_}*.:::ﬂ;’.'f. .
R b e
. LA At

Yo

{% . ..'L . - L - _ - .. .. - - . - ...| . - e L. -
t.l-ﬁ:lh“.ﬁuﬂ HU.M...!MI..-.! N.!u:.- .r...h:ﬂ...._.-nrlﬂ a - o S e - .._-.__L_u.uml...__. o lﬁulm..ulﬂ\h ...qu.-lH‘-l. . .r...-q..ﬁl....-.u. R A Rt i \h. . e -
LT A e e T hrry, E b e ey e ._._.h.......N. b Hﬁ-&wuﬁﬁxﬁrr-*.h\\ﬁ.ﬂhh ol A A

..... wwr s nmnalenals iy A . N .

egi b

AT




US 10,457,530 B2

Sheet 23 of 36

Oct. 29, 2019

U.S. Patent




U.S. Patent Oct. 29, 2019 Sheet 24 of 36 US 10,457,530 B2

it
D g wa m x‘?ﬂ e
B patptan et
_— T W e e
: TP e o n ARt b gl
TR R

_ e Al AN T g T v

. : ﬂ.*.‘.':"'-"'""."""?:.ﬁ---."'?"" :

e AN e
. “{W,‘,‘_, 'l."‘l"l"'-‘
‘_'-.*. = 1 .

q_l:-:‘
1 .

ML S~ all A
e AN TS
‘xx-.“:‘.‘f“' T.-':'r‘:‘_- e . Sata o .
- e 2, S i eER B o
R "n,_'l.“l-‘-r U <
_ . . -.._l..:.,_ﬁ'*.
A T e
et e BT

" ' '\.i = . -
1‘“‘;‘?_ ?}:‘H,‘#_‘_ i-""?"r"—‘".

A W

I.{

T L
SEIE i """'-"lsr
1— v, X ::‘.T-l.:ﬂ.ﬁl. £ ._.'I"l._q_ n

-"‘:'f'h'll

ot ‘-"'-"‘rm‘-u‘u'n.-:,:‘_ by
R o TR

SN
Ny

I.-I "N . -I. - . . . f ‘gt

R ARt T S S e Y S KR L N g o

:l..'.;h :l' '.,:'a.."h-""'.-'" ‘E ..".T"..‘ ;"."":S:::_.‘_.h_-_'_:-" (" '-"l'-\"\-::l“":"ﬁ::h: Y "4 'y f"‘.l.li@'.l};:t\l'

Ty e - v N R - . R L) - . N, Ll ! y,
SEETR L N oo 2 Y A it e R, | L L PN T -

h FEI_ . '.Ii. “: .h:; E.:"‘l |: . 'J "--I T'.. . .I,.. l .|..' #I!- ' . ., "H.“h. '_!' II.EF-lLIE; \

LI

A a ."'"‘""’."*.-l_-l.n;'l..l. i
B S e iy

. =
' *&. |.II
5 e,

L e
R S
?‘lﬁ?&"‘} AR

i, :'tb'\i_h

L

'
.'.
'n
L] ]

.- ,:rf‘

R R, '.;'.,:....ﬁ
=N

Fim gy oy

s i

-

;y-_ .-.._=.-

g Yy T

& -
S
AT
)
S
e S
L e
o
ary
LY =
R
.r.’. T
-+
‘r
e
h
Y,
s o A e b T [ ol
| BT A e TS KPS FPRTL R R T N, S ol -
SR R St r ol e R S :*‘f ":"'e Al W ey
; . - _-_ -'ﬁ-i'rl'-_ . ",.:_ h. L :’:. . .:1 .-:;" -. -r.H: | ?'."V-' rf;';“- :,.‘! .'.:‘ 2 L Rl . - . = 7"k . -_-1___. ’
B e S R NI TR b e et
R . " d " . i . - R L " ; - ..- K . 1 . - . s '-\. -
A R R, e T Y P Sl s 7
i R R A 1% P A
B e T ey N A L ¥ LT T R e P e G
,'.F: ..4 i .l_.-' . - '.I.r*.? !'-’ . . . ] . _“'_f -_1_.:.."' - _-. R g ) - R - _ -_-_- - , r s H . f
W NIRRT st AL S RS Al g R ety i ; i b A e o s AL
_ . ."‘_. E:-_'%’.: 'y H' - #1"}',' ot 'f"' o SRR N SC ¥ -'..r' il 'r‘r:""./ﬁ 5.:* L.,
e . LA Rl ) .. M A E AF . A : . T . T . 1:{.:'.!' {"
A - - e N Y . - - T - . [ f - .
. My SRS o ol AT AT R . L ; P
N Tl e g W : B Y Y~ S LY T L - 4';_;.' '-/
L Tt gk el T OO o R T A e s
. Rl . . ) 1_:._ K T - _ . - ﬁ_ - = . - . A ) - . o . - -r.'q‘: d ‘J"‘i"
¥ .- . - - . . - - . . S o . - .- g . . . » r
v . :,ri‘, ..' a Pl f:'_" - -, . IR M o ] il ':F? i)
RN PR A ‘ T
g g bd . Y . S :“"‘. . » p - - ' . Sl -, . won ..f::'_ I - |
- i P e = o o
‘rﬂffft-"‘._l:‘ﬂﬂ:“_,’l"—".,ﬁ
o o e
R et oL
'._' ';-*I"H . ‘*"",,I,‘ - {:Ei‘f'.iif

- FJ
. .,’-I.r'.
Pt ) ]

£
A
an
A
L
%



U.S. Patent Oct. 29, 2019 Sheet 25 of 36 US 10,457,530 B2

- ‘1
ﬂ"‘{i "-u-"'-r‘-r“"-'-\---i‘i . -...-..-..F rasamy S
-1--.|..|..1..1..|....._..._..._..._-- n.._'l.,_‘,.‘-.,.‘.-.i-i--,_-,__-\, {1
.i‘ "

. .-._ i £k ' W - S . "=
o W~ i —arat L----“* I:
L] w - L, .|_.._-"-11"u-"'-"-r
I'|_ HJ ‘F‘#Lr‘ Ew I‘..'_- ‘_-L-h"-
' T gt o - "F'" .
1 p ' .:‘- ] R
L . LA ' :hh‘l'll'
. .II _. .:3'.| .. hlu_i_ i'l.._ .
. ':‘_:: SRR e e T L r".’:. .}\' .
.‘-_ ! l-—-.-.-i- .{._{..q.,_q,_-l..-‘-‘_‘r 'h"""' \ . I'n..'l: '.*E""'
' . L - a . 1 '-l._ .'1 : i
. . 'hh:." . '-‘1:.1.-"-“'- :"'"' Il‘l,
_'.\"F A, ‘._-,- R i-'. R ~ .'q.. g _.‘ -
noo o . e '.-.. q"'ﬂ'—-li M e
' [ W [ 4 - e ‘h"l""
N - ' L 1 LN =~ i 1‘l-'r"'r '
. |'l._. .ll:.-"l"" At - |‘_-|..“" = r
N, W F Al "'l,. W
) ' qq-,,;m _,. ] oy e
. 'q "‘ - 4 ™y
b r._.‘_'-v.

e
ae Tl :
. .:\"ﬁ h.h'h'h'- T“Hﬁ. "
. 1h L I-q__ ____________ " “‘_I . -\.:‘
.u‘ v . 'l'.."l ..-.-: . I'l:r
¥, '

r L] :l""i.'

L : ¥
v '::;;;"‘-'-"h"\-‘\-“h"l . .."‘l. -"'l‘ e -‘h‘l’inaﬁ"
] T atesE e ow -

. . - 4 }‘-‘- -r"'r"-r-'?*- l'|-:"I"'\I|-:"-- i'||. "

" '
" ] ! "‘:-i r.. Il'."h-.h". ';“' --- Yy .
b ) ‘,’h-l " 4 :“.L‘_-l.ﬁ"'..._"l § LA .Flll #.‘E
LI S R . Sy
T n"'!.' [ R ¥ ) e .- "'t T
1. 'l\ q‘_-l L - . ! *.?_
L T _— % e LAY iy
| ‘:- -n‘:-.\-‘..‘ v a at’ W - - T =Ty R anm " '-Tb..-i.l Ja.-.'“ .
* i - -ril‘ l-'h-l'- " ) T

A T
~:-':.";k. O S _
W el et T
»t, “—u*.tr';‘l"ﬁ.%mlt‘i'ﬁﬁ‘*fh Oy
b "‘:"l.‘“ -_..I‘. L ;‘ll"? -‘.-r. ' -..'i":r,‘_l"i_"'l '
L

*.-'"*

:.'\.I.." : - --h‘: "'-"'.'l.h,'

1'... ‘i.._ln - ::I'll. M . 1--'-.. ‘-‘
r|‘ i | " ™ |‘.h- + L ] I
% "n..l_"'i"'w -.__"k' : __é‘r*_:'l::‘r.,"‘-" o 1;:}1 #f.
I‘-"tH"'-" N R SO
h 1 - |.='I '-H'-r '
T.r'h‘ ; I"_'.l_.:.'r" _;i*.‘{::.t.‘l.“. '.!.'I.'!-"I- - - _. .-F‘:{-.:r
M T T i, A
' ‘:x:";'ﬂ;“a::t‘i' * an : s “y i . . '-.- - o . SRR
At s ettt Jeb "n:=;;=': :-‘:-:-:2‘.—‘3““,- _;L;,-ﬂ,.n'"f' . ol
1‘....:':';;-;1.;”“' LT AR - N ﬁ-" o e
R .‘r l‘“‘ e ‘1‘1‘:’_:-: . ibi.:.:"‘h""h‘n "f :‘I -h"ﬁ-'\.\.-\. #"—-«_ﬁ.n. 'E:t..x Tt .
X s A Iy ok "'-*- ~ Bt
X GAVE T S S, A
. ’T'L f:"'f': .l.*f-. :a'.f:l":rul;'- 1, ".' PN ." -.:-.' h-‘..n‘uuh“huhn‘h". "J'n:'. ﬁ‘ . ’
TN TR A AR . e e TR AN,
I"I;-.’:?T-_ .:'- ‘1-" ': .:. ) & " oy ‘- ljiw 1'1\‘?‘)‘ 11111111-11111'1* Lyl by . ‘t‘j ﬁ.- !
RN vy w4 ‘HE_‘ ,,-_-:"n \.*"'-. STty
'L.'_r:."\'l-" "-1 H* - ™ -r:""',"':" . .}’."‘ "‘1‘-“":““‘.‘ ﬁ '*l .
Jﬁ.&‘.;‘f’* alat n Ry =3 N 4 .
o

.. .
-

o

. ‘. | q.i-.'l. '
-._ 'q‘l._ . 'hhi--l"!‘. q.h'l.m‘_hq_iq ' #’ .

\
T £ . AR .
\ -*-‘qiir‘:_‘uj‘ul ; . safr - L o A -.,' 1|;._
DA P N e
’ '.t.'v-.'ln.*-'

. N , 1 N, o
"::r}% E 5 TL’. - ,.*.*-.—..l.-.l-.*-. : “n.;.@. H:,%...L.L‘,_.,_.,r.;.:”"‘}'}:* ;u‘-‘u‘n‘u}t.iul‘t‘tfl SN AN
oy boay i VLR AT 2
aa -.‘:.. :T:hq.. o ol h -: "‘I.{- hl"i‘- Tt : .1- . ' ‘\-'q-'q-"q.'-.\ A-}"""‘l'"l'"i-"l-‘-"'-"ﬁ-"'-"ﬁr"‘-""ﬁ "l":‘.‘: oy, a
e e e e .i‘lh gy ey - - - ! . ", 1,
I ' L . P o g . o] . - .
FFRTIETERTEYY N i bt
AR VAR ey 1 s S R
q..il .. Ty T Lt |.-- .'k. bWt '.',:....._'_ '_.'.I"Ii._ h.". ", \
M‘*RH‘*‘*‘*‘EL x‘}*ji%;%-‘- ‘11: ‘],i'hrl'l‘,’:“?: i :i_l-l-l-l\.ﬁ.n.llﬂ..‘.‘.xlﬂ.u "'t‘l..-.,:._t.,:..t.,
:: rrl:l F...r.t ". 1.\ .-f' E . ."- .‘l . T T BT I .
S e R R n =
I}:I'I" ' L-\-"“- T a R T S B "'-""-‘r'-""-:"! ' h-‘ 'l"l-"-r" B G| "1'"!- :' .. e "_"l“!'l‘i._'l'_"l""------ = "ll‘r' “ -[.-—"1'“-“"
h-.l..-l..l.“l-h.'l'\'h'hl|-I-|-l-|.'|.-|=|.l.-l.'E"h'.'..._‘..II.--.l.l."h.'h'l.l.'h._: 'I 3 i \ 1

'H.'\...'L'H.'L'l-\.'\.'\.'!.'\.“-.{ ::::-‘:. m‘t:‘:hﬁhm:ﬁ:::h:ﬂh_‘ﬁ_l\i!‘ ﬁ

MW, -\..1.-\.-\.-_11-«_ “,r'l."._"L-l...-k_
{w.-l,.I..'l.'l.-'h-"n"q ' . 5 Ty -‘@i
"u i"-‘_ ' N -i"a . r

:' PR 5 .': '

I.ﬁ "rl.'l.-

' : ‘*‘-I e t‘ ﬁ' ‘ﬁ#ﬁ‘m 1‘ "
. ._-;-_-.1 :;.-inr‘::-,_f"?‘:"ﬁ:;_ - :.u Moy = - 2T ...-.:.5-;; :_“

-
A
R B ul

. 1‘
[ L
vl - ||.,.‘| : ::
' * l.'. 'I. f
3 3 bepy. : 11 3 3
B ¥ : ~ - o i {{

TR S A A g

:
D :
g o ___h.*' ' o A ,_-l o
r“,':l?:“\"ih:} h_;: l-:"' _— _{::"_:_.‘_.".‘.: t- . -u_-h_:?::‘l.w .'h . ! "
RO 3&. “'*'“*w 3 ‘&%“‘&

.>
/.

"n-.“'q::- n.'lé:'h'."
Oktm:: 'I.'-'l. 'h.'-."-."u‘-‘h‘l.‘l.‘l.‘l. it i i e i nn i e al w \

hy [ —-.“'.-'-I' .
. ‘:::. --l-"h. h‘l"f 3

‘*w—u : el - R
' e A SO Y I : _ :
- | I Wy ‘n .
ﬁ"’.{‘: L] L N Ny ALyl 'lr qll‘l Ll o mom m my, .'.1;‘_ }"1‘ l"'. .'.'- " ) 4 . ..'?
1,,-.1 v»%*-rwa....,r Mo e . . Y S . .
4 il N . ._ o Y _
. . n M Lo B . . i ;
.‘ S ot o . ) R ML L W . N
s oy i ;_-".'" 4 S B e -.:'t'-":\"\: ""-"',::,l..--.'u"m : n
. .1. ke . ;‘.F"" . . -\ B M._'-q.'-\-.ql'.‘l'#:"-““-— ':ll". H 3
L 1 - a -7 . ' I - - DR H -
. ||_II . -11- g .-'.|- . - - ] . . r l:: . - '
‘r-l * ‘_'1". '_-'h i":; ‘-.-"L\‘ ’ R -I:h l'l.: 'I:_l; f:.. 1 N |
" e o e . ' ‘, . v h.'. i L L . T !
o N e e N e “‘\ ORI 2 o
-, -.h -"'--w [ I B | II'\I| -, - h""‘ft" “i-_. ’ - m - ! - -I- ! ’ "
L " . -1:-"'1‘ \ - *-._"1' lm-.'l--.‘-.. ‘|_._-. . ) _: :.' - o . -r.._l. n II‘-.-.:‘_I
oy -'*'I,"' _ ""F‘:;l S e r"ﬁ' v oA b, -_t“‘"_‘_‘rt't H ) ]
W T L] .,"_-.."-.'.“.".'1"_.'--' - e - ) ‘_..1-\.‘1-‘--’-‘-" * '1‘ ;‘.iut’-‘ﬁ"r‘-'i\ r N
. 'lll- L I;::'I._"" _-l'ﬁir‘_q. _\-_- - - ..."'-:" .:_' 1_.1‘.1‘1‘.‘-“'1. l..'\l T \ “ . \
PR RO i L R . \.,“ q L
1 __|.'l .‘_'l_l"_.hl"l" - 7 o - 1 I-{
- L T ' - 'y . 3
o - "{'-."."_‘_.\.' LT Tt e LA,
'-I iﬁ- -I-I‘ --'1r ' i. ' -I
w . - L - |
X et ST
K

[
- .
ey

A e g -
s

'|
i.{‘:th 7.. AR R ﬁr'*“ﬁx{ﬂ‘-wt‘:‘f -I.l?
'|.,. ', : - 'l.‘ hm'\»"r'ir‘-—‘-v."-‘q{ﬁ‘t'-.t - .,._ti- q,--l‘ﬂ.'
gt Y e

-. '-"'FH--_' i
g . :
-
iy

..';:'* 'l|."‘ e "n.'-f':ﬁ-'.l"" 'ﬁ-‘ﬁ-:"'u-". - h
'm T Y e N L
' N - "al .u"‘ - AT e W r ;1_ .
']. = 1 I - [ ]
II ‘..r [ ..’_‘l'\': ‘._'..?q " n .‘--l-: [ q_i - }71 . B
[ - - = N - ol L '
'-,.uﬂ.‘_i-' l:‘r."l-‘h_ll‘- .._-‘-m"l--'.I -.F.‘- L} l: :.i ] am O iyt ] ﬁ% - -
o _-,.'n._'r“._-_ wn™" . - % o __.*-.-.l-..-'q-ﬂ;,"-"" .,.11"1 .
I L I‘.." L | . N 'ﬂ'- . . "
N - - T'I"
W, ey

s '~.

AR 20N R
. “ ' ..
N i

l_".‘: .‘l'\-fi*ﬁ., S,
nT . H;\II( - -h_l
atoe - - I3 e
% VLT . SR
- ".l':"_" Ve ‘ _:ﬁ*-.l.*.;.,.-..iﬁi ‘h“‘!‘— : :l':: :
ey o, .
o "nj i."uf'qh ", H—ﬁ-ﬁvﬂi.-,n,nm.-q-"r Ny 1'\ }.
‘L-.,- B R i-e-'! EE
1;-‘_:. ql—.---“‘_ﬁ"l"ﬁ_"? .?

.':‘L-- T}ﬁ*hh‘lhhll fr" ‘t ‘i
- i.{-’-“'-{":b ﬁfww *':."' .a_!. s
-‘ei?ﬁ . 'f‘.m‘{:.f .

";,“5"*"““*“-"-, "‘b"‘-"—“—‘ﬁ-‘ﬁ"—"r‘h‘k"r‘h‘l-'h‘h!-‘

'\. .
v :"':"" Z
.‘k -..-\_-.,n.n..lﬂ n'l.'l,'\.'l.., - -1.,1..-_*_-'%_-_'- e T .

"

.-}

R A T T L e L R R s e e
T W, W t“tm.

3 ' 13:. e - X
....... '~. , __m‘ H"‘i"ﬁn R T o
: § 1‘3 ' A : 'i.i | ""‘:“"'w.ﬁ. ""'::Ek‘_}.\h . ﬁ

-.r.--.r.-f

iy

. e
- lL AR IR
1':\'1 ‘:.“-w 1:*:-'*%""'-"& e ;1'1":'1._""* ;E{"‘v. et K
-.t'-«::!‘- L \t i i'_ ‘ﬁi 1"\‘ = m ‘-.!.I-.. -n.-u..t.-.-u_-..q_ﬂu..tﬂ-u.-q.."u!"-"' e e "“ AT R R

-a."n,-..

.r.ral-.r.rﬂ

R e R L
.



US 10,457,530 B2

% =

Rl g
L

R _.I..I..I..I...IL .|.- |..|”11I”.1..1|.|||.|.|.||.-I.-I..!.!I..i|_u“.

il
' -.u_.ﬂ..i.._._.__ Fl.k.\%\.\tun..mtt“__”ﬁ ﬂ_u- |

... ____.__-w.. o ; ) .
R P o
akEEth_w,
" ..l.- I.-‘“. %r).‘- ] -

. s

Rt e R
Tt i b el
IO SOV 3
e R 4

Sheet 26 of 36

Oct. 29, 2019

U.S. Patent

i ol B ¥ o RN F N L R Rl i

e

o ............1”._.-.x.h..wﬂl.{.aﬁttﬂﬂts\.u.ﬁ% _‘.....-.-.-J.-..ﬁ_..

.

4 .
..I..I....!...I_.L.-
BRI

- . }
L . -“_. gt ".”_«t_. “.“k . .
. o . R n
: ..h.. e N I e L I
S T . ) -y

. '
- L% |

N,

- 1
o 5 FFFFFrFrFr
il
A
Y = 4

» Ay meiog e A 2

PR A 1]

4,1
il

' m 5 r
¢ - ._l_ .
. - e , I ) ) el ol ol ol il ol il A el e i g i
u.I...I..‘...I...I...-...I....-...I. ”I.nl.ul..i...Ill.li....I..I.I.i.lul.._.-..lh...i.ﬁu.l..l..l“iiﬁk‘****ﬁh‘.‘**h“ﬁ - - e R

L - - Tl - - - F - . -
E | .
L LT JN L U,
: L] 1.-. -.1-.
Fogm -
R PP b
Wi
PNy Sk

= =k
- - .y
R ] t.llz_ﬁ .
i = = o~ -
= th.h”.-hu.q..q.nﬂ L l..l__I.. .

o 1. i ﬁ r

"=
LI 1
P
*

- .. e i W "
o il .‘I“._H” -1. -

L . i T -
2o !

e A TS e N - “__.
ikl ’

r
" " LT ..- T, 7T I |.| -
-‘um - .._"..-..u\-. <ngliagr! I..llﬁv.'t.‘-....‘.l.‘ - - .-._““.1. lw
. ) - - Fr= .

.M“ N P I IR e T
A N R .l_...{_.._
I 3 S

’e. ol R .

= -- -I *

e el

_.; Eia.-.
S R S AR
- v..“-. . -.ﬂﬂr‘_ R N.,__t..l.-_ ....-. Y LN

N

L I L

s :
- L L I ey - A
. "

rh )
11.._.._.1 :.“l -
S - .-..l.. H\r..u?
L T ) gan
e L

i

38 L

4 sty

-a .

) " LA S ..”..._-m. : .,_...

. ] ) - - .-_i o - r= - - . ._-u-. “r

LA A e e e

" o h....__ .- .H..M“l.._.-.r A

r fa'= L - *al . L
PR s 1! \.mvd. |
T - .-...n.l. ._...._-_-_\u-.ﬁr!\ - _L_I.._...n..-. -..r.l.l.l-n
.rr.uﬂﬂnw_.. ____.._ﬂ....._n AT e 0

¥ - .

SR
BN
o
"
%’.

oy

_n__..m.nnl__...... e u.__...___..___.. e
AR T et gt
» -11.1 .\..l.l-.!i.-ﬁil.i . L .‘-__..-h_-sh _-1
.|.Hh. .-..-.r.h l-..I.ll.I C. - - \hliﬂﬁ—_ r Iln- ) —_.1
: -.ﬂh! LT 1.1u.1.ﬂr.1|.-_1.-_1 _1.._.¥......1“‘.-_\ e
- RS i e
=T - T - 1 CRE. n L4
L] ..lI.-I lt___-.-.-_.‘luu T_-.l |I...1 I.”n.ﬂ . 1..1 - 4
e e T %k
BT e e i o
A . i..“.“ .I - rull! - *Ii...i.n.ul...} ||.|l..-| H .|.l1—..
..-+ .......n.._.. Lt ﬁ_ r R
- . i u
"._. R \.... ) ....r.q_”.-... .“\u.
i . . . 1 -

.| .!..-.‘.-..l - .ll Y -
.Wh. -....-ﬁ....._ el T T .-\.\.._ ._‘._h.__.__

- lll - -
o Edpd =0 - Mgl AT R -
w .-_1 - L] [.I..ir.l._..m_-.-”.......-lh._...l..-_.ql.l..l. - H“HJ

..E\I.r_._ - T gy . e .



U.S. Patent Oct. 29, 2019 Sheet 27 of 36 US 10,457,530 B2




/

ST TV Sy

B0

US 10,457,530 B2

- :

||.= "'.._. . .I oL
‘u I r_-r'-.r - ", K
. "*"}‘K

Sheet 28 of 36

Oct. 29, 2019

U.S. Patent
- |



U.S. Patent Oct. 29, 2019 Sheet 29 of 36 US 10,457,530 B2




'
. r
=
L]
A,
T
- . w
'
Tl
a

- Ak
P LT,
P, v
g

e

a ™ LM‘I-:-‘._-ﬁ.-ﬁ wh

..“Y,_._
LA

A . wu!.iﬁur.,-;?.‘.,‘ .
et '*"*r"‘i-f‘\-:"*

US 10,457,530 B2

Sheet 30 of 36

Oct. 29, 2019

U.S. Patent

. A ;



US 10,457,530 B2

Sheet 31 of 36

Oct. 29, 2019

U.S. Patent

S - “ TR = 1555 M A A M S A SN Tt 7l =7 e m.a“.w.ﬁwﬂﬂ%ﬁﬂﬁ{wﬁf MOt LA ﬂﬂﬂ*ilﬂ = \xtﬂmxﬁ\a\ﬂﬂﬁx{mlil ......i..:,_...,i._.”.wanwﬁa” oo
....... !H.l\h.lht.“.l“di.!l...ﬂ-ﬂ.__i ...-u._...q_...__..-.__t. - q.. .____.I . T Ly AT AT EY VWY = - : - : C 3 - . R o o ....._...._._._.._....._.L..L..__..%.._. . .‘“.“...uj.h“i.h..___._...___..rn.._. R ._r_T h_..l.__...,._.,.l.__. A1..._....” ”..._.!. .n_.._....nt -- o .I_....nu-._..___r....ru ..__r I”...!u'-..1 ..q.ﬂ.u__huu ..l.._.._.“ - J. - .1.__‘.....11 q\l..__..m..n.“_i.- ‘H l.l.;.......:..]*.h.-.ﬂ.. A" N ._..._UK. ..._..W.._u_. ._Wu__. J- l S t.q.._._. l.l.-.lu#.l.ﬁ._..ﬁ-n._. .ﬁ ._ﬁ_ W, 1.@...... .U.\ .w_-.l H.._.l..i. ....H-‘_.

l.llllll.l......l..l.lnl..ln

fﬂh\#‘.dﬂﬂ}n h..r

...... -I-”.-I.‘”._lq.I_ur ; . =. el ” - ..q1 Fa™ :MI a DE“WI‘
!
Mo -

cag  UBF T 885 gug

l_..
o

M .“ r ..u.lﬂl.ﬂl.ﬂl.ul.ﬁ-rhlh._..h._..hl.hl.h._..h.rhlhl F i o ot o I'Il-.l..‘.l..l..l..I.'..‘.l..‘..I..I. hh‘n‘.‘thul*uF}ihbﬂnilhu!ﬁ.%Llﬁ..ﬁ.Lllqli )
- R U . e -
:-l.ni..l.l I R .!.l-..-......._...llthl ‘m . L
Sy L 5 A AR SRR e ey oy

. -__. ................
At - H- S .
v Py " .
.- .‘.nw..\t.-.ﬂuﬂ.i-nhnii -_._.__..--.-..- 11%1.....1 . ot ; .\\.nh\.nﬂ.nﬁﬁﬁﬁﬂﬁ.ﬂﬁl ._.__.__._.-._1 - L

.-....1...1..-__...1.1..-_.._-.____..1_, Ayt el e e e —EFrEEEEr ._-..I.I..I..I .-..L-\.qr.q.!.l.r.q.!..\.q.\\\l..ﬁnﬁl..ﬁh ..... L O I
.._..._.,.__.._._r__......_\h......._... i \uu oA

LT xhli. .H.H._Hhuwli_:.._._....i L .Iaa..wﬂiidﬂﬂuw 7

“..1 o am e L ; R A . \\\%ﬁk—ﬂ.ﬁ-ﬂ-l‘ - Rl r a ..._.__:_.nu._. E iy al - _.."l ._-.._-..l.-..l..-.-..!..-rl .r.“ . ;-.k. h

p = A

1

A Al i ke e e LELEE L) _-_..._.I _-_.I.i - m I.I.I..F.I..-.ll.._.. NEEEEF S LSS S d

.i..l . - r a
.!1..-_1 e e g S e g g g e o i B P Al et g L..___.ll....l._-._.. ; thhh\\hhtbﬂnﬂrh "..".."..".-_".r.l \1\1\.\\1\‘.\..\\..&.5*.1\\ e U . : FrFFEEE T nl..

ﬁsﬁiﬁ%@ﬂaﬁiﬁ.ﬂ@m s

L LIE A

g:i.;‘

1 w CET..,

L
[
_...-r._.l g
:._._..f A R
LI
-1_-...
e ] i " .u —__-..l...__...._..l....ul.....___. --“ i
.............. . el ik o il P R .ll-_.._:.u..-.-.rl
h\%t‘%%ﬂ .I_-.-___IJ-J..__-... - ....l_-._.-...l._..lll.... e - _li1111.1..1.._....1..1.._....1..1..-...-...-...1..-...-...1..1..-...-..1...-...-...-...1.._..._...1...-.T._. l...-_..J.r..._...._..l.u._........In v..:w.-.- rer i_..I_..I_..I_..I_..I_..I_.I.I_ .!.I.I.l.IE-{l-l-.tq.thq.tqlri-.h..h..niil_...l..._....._-\r ni# -1_ “
ﬂ}hﬂlt}ﬁh{‘l‘lili - " "~ j ﬁ M d
. . ’ d
uhvumvvﬁmﬂﬁtuﬂﬁﬁﬂﬂﬁﬂﬁﬁﬂﬂ.ﬂ“ W e e e e o e e e m m m w ___u_

fN@m

.-_l_-_llll.....ll._..._,..__l.._.._ )
e -u_r-.-..l_.l.l_.l_.l_.-_._.l_.l..l-u. ._......-..I..._...-...-..._...nu ..._r.-...-n.- A A 4
.1

T -...___.._.._..l.___nl...a.__.-n_..u.ﬁi- 1...........:._._..1 .

L R e ..ﬁ..u..uvu..uﬂru..ﬂ,. T ﬂwﬂﬂmﬂﬂﬁ‘\;
- " n'.

.,'...

iiiiiiiiiiiiii R rFRFFE R AERBEEEE Liﬂ!-dn{\\ﬂﬁﬂhiﬂ.ﬂ.ﬂﬂﬂﬂuﬂﬂtlhn 1.____.._..11_-_.111.1.1_-_.11 FESFFPAR P FASES b BB w.__r.._r._...._.ul-.__.-.r-.r.-...-._r-.r
. .1_ J.III-JL_- ; .
..... .-L.i .

P o Ly g g S Ll i ol N

. 1
.
1. 1 "
. . -
T

R R S PP .._.h.._u.:.___ﬂ._,u..\ ..._..1.._,..1..1.....1.1._....,.1..1..\.._._ u..__..L... e -
P S o S D L g . byt - LTy . , e s
- ...__...,.._._. pal r e L LN _.1 R “ o T > .______.. F iﬁﬁﬂﬁiﬂﬂ.ﬂ-ﬂ.ﬁﬁﬂﬁ-«hﬁak--. b
. . - - e v o o " : : - - o e i .
: .h..ur._.. 5141_..“%1 1.uuun..uu.u.r.rﬂru.-..huhrrr. oy CiEr ﬂ».u....,.«.........n.\...ﬂt.u._....u i
- T TR P .

2 1 S e

s ..__'\..‘_f.\._...‘m.-...q..t..n_.....ql.lrlwa___.lwl _-._..1.11!1..1. e l.fi..i.w.t\.l.lh.!.l.lh F .\“___- gl b {}F}%‘\a‘ﬁﬁ
- o .

A AT RN R Y RN P Iy .
.-l_.h"ll..-l-.-..-._.-l.-ll-lrll\\t.l..q. g N N o e

’ o e e e e e,
LU - s e e e e e e e e e e e e e r||
. . e e
i} . hl.l.ﬂt..ﬁ.ﬂ.\.\;ﬁl.h.k.h..ﬁnﬁl..ﬂ ................ - O, " R P F u.lili.!i.l.l.u.l.i.l.l.t.l.i.i.luihrl.-:{ﬂt
o .#- .
‘. | -

et P it e A o e e e e

..pﬁ .
...... ...___..11..!....1.._1...1 Ch e N N I NNy l-.—“ﬁul.brﬁl“l.\...n\h hHHHHlﬂlﬂlﬂlﬂHlﬂilﬂlﬂ

R ) . —_.. a - - . . - . . . 5
o e . B o . - ; e i -
. F ¥ ) IR N = B R o
. ) - Cagl . L F 1..1.!..._.I.l_..1.I.l..._._...-_..l..l...-_...-_..._._...-_.ln.-_..-_..-_..-_..-..-...-...r_..__. — u ‘. AP - - e - e .... T e e )
.Lm : N’ \ - Cot o s - A ey el resa {11\\\\1\!..1.1..?...1.&.1 .-,I...._.-..u..!.lm.__...u.nl.-_ ”
- ' I- - —l . - l. -




US 10,457,530 B2

Sheet 32 of 36

Oct. 29, 2019

U.S. Patent

— %% gc 964 veg
| whmism s 4 9% « mmmdw mm.i._i M wuma&:i. N

“.. 4 . 1 s ,...u__- h..u ._.__.n.
Ay Bt
ol S
: i e ks - .,......--...........,.u. L N R R o MR ER
xh Hxxu. A .,_.._1.,1 .,_..._c_. o “r oy .._..__.H.. L MR el .,_..,_.._.n._ e e
. - F .

.Il..I.lQ‘. ok <y an . |.l...r e F‘... .‘..

e - -_W- e e R O m.__.._.:. ...E.u....... ._-.x.._.a s .n.nun..ﬁ..a.a.‘.h.?. tu_‘..x.__ﬂ.__. \\uhﬂhh‘xuﬁu Nw.,u._..,._.uxu...._ .
¥ AL ey o A T e e i e o & _ e
M ........ ..n. #. i?eiﬂi-.rm.ﬁxt%.# _.__......h...t.r...hh,._..ihp._ W. Vm-mr owe v m_.r..w. ...,rn._r.i...... - hu]mttih.ﬂu...\E..
.‘Hit\\l.tnﬁlﬁ - ' ™ .......l_...h..h.hll..t:i.. - H LI W | ) : ! u__ H._.__\.. F
dm . e ww e wE &...f.un.m.iluta..l._.ﬂ e ._-._L.T__....___.__r._f._.ii. .y ' ?1#% ) '
Por sy i r-.t...ln.:..__.._..u..lx.t_..tlu}t. ._..._T._.._.n_...lﬂ\.....-...,...:.:lnnn_. “
L Al o=t ating ; . . ’ d : . ’ B o, By 7 o p e A o . S S T Pt oy e wn .o.n -_.t._..._.t.\ﬂi.u_.. Ih_Tlu_..h.n ]..._J-a -, t..__._....__... S .____.___“ "~
) -.-u._-.-.-...-..!.-.nuh.-.-.-._..-l-.._\\..._.. P ___.u R .ﬂ__ L_..llu_-.u_-.}..T\ e mR LRI - I N - ' : - =t T ErEEEm ' * Sl * - ) =+ .-_T_w i ..Tn......l\_ .___l-lt_.f-lt...__l.‘_ tti%&ﬂ\n‘mﬂn« b
..w.ul.n..{il.}ti.!.?ii}.?i ‘e lliili\:-\?.&u@,ﬁ\}.ﬂ{}f;ﬂi}f - . - .- ﬂ,..\“ IR
ol . - . 7
-h._h.-.. -......-..-1...;.....\...-...........-?............. .Tu.-m-.@.h......eil;.-...nl.-nrifim_Inl...u..m._..u.......-...f.................ﬂ;ﬂh.....__. A A o o
___._.n. _..” o T M R TR Rl A oA KW W SN A L .....u__.t T A % ...p...___.-..r.h.._._..#\......-......_...w”... M . - ' g
.L. . .. ¢ ’ L : L A aa F= 420 "
. -__. ] e M i
'y - - D - L e . - . $ o ode A4
o om ._._.:___..___. o . e N T e e G A e W e iy e e ,1_._.._:...1..__...1._.“_;._ o R A R R EAL L 2- LA L R N P N N DR )
« A S OB ‘_. .i = l-l 1. . ..1. :l-r.i_! -_lw...l:__...:uini- .-I At Ay T W w P rm e w R orm ..I.} .-I-..In. P R A Rk bl - ga I_I...-_I_. ..‘r...}____-l_. rl..l.u-tu .. -_t._r - : - : .-‘“ r
. -._,.rn._-..-..wlu_._,._,l.._.ln.n_h-.f -..-n'h-.ml_..lh._-.__.t....-r ._-rjq..___._....__rlﬂ!!ﬁ!!ﬁT*uﬂiiu&-.i*iF}*ti un.i..______..u.._u.- .n d '
...... ' FEErERE . . B A R et e i o ey T !.-..n_!._.,. b ......-.u_,-“.- Py .\___ s - Ce . - e __1 . iy . - .
R e A PRI = 7 o b =h - o / .ﬁﬂnﬂ!ﬂﬂﬂhﬂhﬂiﬁ%&k{ ._T".Iﬂ..ui in.___-..._-\._._._-.._li kla..rl..tr-L.r\{ :
s 5 e . e e . Aiplspos, et ot 2 .-.....imb..].-lqii ._..._....___?._.___r.. .i.c..?uﬁhr%i..rﬁ#}u{_.% S e s A H_J_. h\?tﬁlﬂlu\ttrt.lﬁ - - - _.nl
. Coe L e e , |. IR .- o - - . - - - - .“-L{lﬁlr\.ﬁ..ﬂ.l-ﬂ-ri-yr | FI{.. -lq.!i ‘ﬂ‘.t-.l. .}lﬂl. . w 1 -_I. i{l‘. -.l-___.l.‘l‘ .-j_n_li_-.l‘ ‘:J__r‘ } -‘..-i.. g A .l-l'-*.. - -
"R - " _-. -_-_u_l-.!u.lu ._-. .n_-.r.-..lr.ru_-..l-.llll-_.. .-I-.rll.-l.l-..-l..-._.l_-...l_. ..-__.L__...l..__._...n-l.._._-.l-._.-_.l_.i_.n{lu-. ‘bl - - .I.-.-.-.Ii..i.-h..lh.t..!.h..-n_...i..l I e .-..l.
” - . J o - ..q._m...ul..m.._ﬂ..v
L. ) .._fi__-_ ... K J.m'lﬁ..u_. . . S . o
... . . & N .'ul.ll -.-.‘ h.._a_..-..
ST S SRR Y ot B¢ _ _ L

% oag




& gl ol splgt -
T\.\L.L.L.L..\.h..ﬁ.\.hﬂ.-\.h-k. =

23
4 se6

US 10,457,530 B2

. ..'. ™

[l N [
. . LI L]
N,

\E -~ . »

*Ilr T ‘_‘Ill' ]

T
[

. h [ ] i . 1 1
. rm _H.h..._._
°, . - -

A Ay
) Mh..l..l...!.i..l.i.l...lnl“i..l..i FFEE P ITFEY AR .l..v... 3 _-“ ..“..KL..

. aﬂ.-._rpﬁpl..._.__......l.”k.l.ﬂl-l_.l..lﬁ.._...-. e e ik "lu___.._ r . -...

i SRR ..._..;.-_ﬁ;m _,.m“. .

-

X

546 585

e

'
_h_h:h_h'h."h“;hi:h'h‘h:h'ﬂq' K kg .
. L s s o=y . . . '

e

S

-
R

T

1
. .
. 1
I
' ] L]
I
- = s W
I‘m . H [ '
= ] -
-, - - -
' . '
- '

AR I I MR
24

 dy

;.m.._l..._-._..\.l.l_.i..t..l.l. -y

M
! v m
A H -
1 r
oA r 2

- I.I...Iﬁl_-l..1..I.._1...1..-_..1..1..._-............l-.......-l.l.l..“.l..l

T-r .

e e e s s o oty o

LANXTN
e e Ty

TR R

%3
s
(A
- ‘r.

S8

! Hn".h
e
-

.
Ak
-'
-r_}‘r_d-«r_-&_—_-éw_ﬂf
v, Ay,

S

'

:1,.1, oy m s ) -..' .
L N I NI
AW 544

AN

b

AN

.1 : . .‘_.- ‘1‘1 Ce .. _.. e

L, O i }
1 1.
T g e
At ‘.'-'-"~%'.u?ﬁliﬁwhﬁuﬁﬁwmm*rﬂﬁhﬁ

3
”ﬁ
|
1 |: ]
L gt
s . .
'a™ . :' . -
AR EE R

N
D

Sheet 33 of 36

Ly

)

B R e

I"t
I.‘
r . i
i
e

-

-

kA

LR %

4
T

' 1‘
1
"
ey ]

'I.E-’\‘lil:
1

e

-
%=

_'h
-

892 ‘542

i
B Tl T

‘1‘
i ey ek il e, Rttt g S, by
| :,,,;- .
-
e
R
“

AvERAn

.f\tﬂﬁ\.\ﬂ\.ﬁ&\ﬂ;‘lﬂl‘.lutl.t!ut u..-
- ._-._n..n.h..-.._urh.._..-..u.,____.-__.-uu...f..._. g o o " ._...__.“.
. . a .. “

Ty
[ T

,a-_:j_

:‘ .

A
1 b -u . '. ' N )
-, i'—-'..h,:. L T
D B e ST ey

Ny g g el iy nly el Ny Sy oy ey oy vy e gy Ty e Ty ] LW WY, “ﬁﬂ.m-hﬂq.ﬂ.t‘é‘t‘tt-l_ﬁ.‘uhﬂ.t

. _y

SRR SAR

b

- 1hh 'li_.'i.'ll‘-l.

. . N
. 1
A A At S T Y T Y YT Y R A R L R R AR R T

B o= -
S

-"h

? By 2 RS e T o g e s
LR RONRR KR T b

D
‘ya"‘#

R )
5 ;'r:. 3
3

Ve e e e e
‘:.I"rt"l“'t"\r‘l‘-l*i‘rt“rrrr- T T e T T T e e e

e PSRN

B o T A

486 544

574
B

7
R JR SR A S0 SELNAWR T

'

RN

"

_.:-..

.

‘:""

"a.,'

i

g
e |
.&:ﬂ:ﬁ{:ﬁr—_ﬁ:-:':—:F:-3':-:u:-:t:ﬁcc:%:}xﬁ-x-:&::fﬁrr:qﬂm* S o Tt e e e e

g Sy By By By By B By By B T T T T e T T T T T T T T T o T T e e T e T

LIl
R T

e

i' %.:"

-
L]
]

-

. ':.lﬁ-u‘tﬂ.ﬂ.hﬂ.ﬁ.tﬂﬂuﬁ.‘hﬂ.

1 -‘..- Ik:‘hll =1 .I

. .. M“ n.._ —a “..I..l.u...l.u_-_
gl o il gl sy g e ol P ol T et yras bt i \ ﬂ
Wl i “_._'1. - "

i

Oct. 29, 2019

2% %

A o I ol s el g v e

. .
e ey - -t

i
- 3
v

n_ ) .,_- i
.“. .

S % D
- ﬁ«.xhhhl».nbé.w.ﬂ. nﬂmv
B2

et 3

5968 545 587

b

- . . ‘._
..-I_E-_.l..lud..%‘_ll I..u-n“.“ulilu-u“n--ﬁlhl-.ﬁ!.\.ﬁ!.llll.\ .-__._._.- _.__".. )
.. . .wI - Bl Al "y

-1

e

¥ W8, TN
. ::S-

U.S. Patent



U.S. Patent Oct. 29, 2019 Sheet 34 of 36 US 10,457,530 B2

K '&lx\‘ilmh:’—'-p'tlh—thﬂ.nt iy AN :-!'-.:t‘: L R 11':-3-._ 'l‘m‘_ ‘:m'r_‘ﬁ“'\::x l‘k,-._
R - ity “a*:-r"mx%m:ﬂ:w:ﬁm SRRy

aehey

unl.a.}u..'h.. -

A R A “:}‘E‘T. 2 M S TR T, e Y
&-::’ﬁ#r?m& " ' =~ ...t-;';.jﬁ‘i:?-., , 4,.;.,;:14-: w:'&fk,

{ ry ..,a._,‘ q ﬁ,:"._ ..........

hmﬂﬁwwm :..:-:c:m:m-:rmxﬂ 3.11 R,

92 546

HHHH%M%HW"%W #‘I"l "IFM'-. L .'-h an 'i."h - hllih h.'h.'h.hh'h.'h F i..'h. h.'.l.'h..'h. e h.'h.'h - | ] . h.h [ 3 -..h Y .q_:h_“w F .‘._4.1_ mia _sip "q-"-"-r"-"l—"l—"-"l—"-"-"—"—"' -— .l‘_q_l.._l.._l.q_.p..ll,.._.l..'*Hq_tth.'*_.‘_*_i._ltr-‘_-tq_q_-‘_-‘._#_ﬁ._l.._l.._l.._.l._.l.._.l.._.l._-.._l.._q’-qr-“-i

......

1““‘%%“‘m%ﬁwwmﬂﬁ““ﬂﬁﬁW’*‘ﬂ-%-‘ﬁ"rr‘r‘fﬁ’-r’-ﬁr"'-l fﬁhh1ﬂh%%%ﬁ%ﬁﬁﬁﬁhﬁhﬁﬂﬁﬁw : L -
;“ eﬂrrwzaﬂmuuaﬁi }ﬁr:i' ‘g,r -E 3 Vo 15:
‘ \_’?' .............................. : .E
| Yo
.I?' 3 ' ;f: .
{ \ v
E g Hf i
- A - :Z
i; E N L . E.‘
[} . -
E : } B
. ¥ 1_ B
i B :
N 3T 3B T D 3 A KT Sl vl ;
. |
. I
1
S S . '.E‘r_' y

) "ﬁ ““W“Wﬁ“ﬁ%“wﬁrﬁm%m = A R R AR A AR R A R R R R R R AR AR R LR L N A R A s A A A A E R A E R R R T L A R R E R R R T A R R R T T W TR R N R R R A e
T




.L....__.. - ___.......-_...__.. i Pt sl o 'y o = . ’ ._...l....__..t___. -.. .._-_...-t_._...‘..\...-_.. L gy .-...n.l..._...ul.. ..-l-l..l.lll.l...l ...__..._........ o [ - . om mam . ey rm
G o B A e o, :ﬁhﬂa A2 I A L Ty e R A o e T e e
- W .‘r‘.‘- - t.il T o N . _ - F o ' a 3—. - 1.|1-... . I‘-.‘ I...I_".r.‘.i. - _u‘.u.‘.n‘ L - M .h‘ .y .l.ir-..“.-ll‘—. .--L L] - hlllt
A e am Al K A N ST A ey . s Enfar aiw ¥ are vhwte mwal wia e e e
.....\....W%%mi%%%l”hﬂmiLWm S e ==y =y i/ A e ,...n_._..._._.l_._....w.__._..LH.hi.n“...................H__......._..._..........|......1.._..... e . A e
» 5_:_. i e - - L ok T .“.-.... ,.__._.hl.-_. . = e n_....__.... . T - i\hh.ﬂ.ﬂ.ﬂ.ih.1.|....1..1..-..._....1..1..-....ﬂ_...1..1.1...-..1..1..1...1..1...1..1...-.”.1..1....
x 1.-‘-“ 'I.‘__....n‘__“.l__..-. ¥ l.n\-t‘_ A...V fu_. _-.r..ﬂ. H t U.u .“ . .'.1. ] i-m “_..“ F - ..“_..I..U.I.i C .-.n_ L
- Y “ . sy . mel- d . vt “.” 'S L, tag A Fy . st AT i dadl
M -, ol L T ¢ C A : . -
A 1 ] 1
1 . -lh- 1 . m_ . - . -
ki e SRR %
L I . U T R it
L) 4. s A SR /i
EarE £ Ry 2
1 L A | ]
-ﬁ a4 f “m.__ R XM v
I EE ¥ / Lt 2
] .. = . A - 4
Nk \.._“..,...,..f...._.....hh._. P .. A “ W____ A -0 #y EEy
- S A ’ 2l - iy -
o e ....L__A..-_.__u._..._.....-q.ﬁ_.._... & it i . : - =
..w.\t.._. ir...._ w._._.m.....u.__.._.__... o . ....._._unx._"u... T ) __.,"._ - ﬁ __.__".“ ) . . .u.-_ﬂ.,__f._.. il R .._1-+,L-.,u..m-_....u N ._."1____r .r.# I
s M e L el P, M\L._._,_._.,..._.._ft.-._-mﬂ....- ...w.___ TR : sl e e T -._.._.r.._.\\ N T,_.H_..ﬁ”“!w .,_“..-_....__.-.w.__..........rr.... ..-“

] -

. ' .- T . .. ] .....-...__._...h-_-. [/

T, Ly Ny ;f e g A art g gt ..1&.\ E A e R _ . B - K .
.- ‘"!.l. _ o N R i “H‘l“-l.-“““ll“.ﬂll.‘mdﬁ#ﬁ"ﬁ.‘!‘-‘u“.‘“ﬁl\.l‘ :..1: ) ‘-.”Lvﬂwuh.i ul.. m o \-.l‘” ' ﬁ LA “ _ ! - - .-1 -
. . .. . Lk N .u.. 2 T . — .l.‘1 kpill a - .”I..1 " - .M.-_._-..l_lm.‘..l1.‘....-_ﬁll

ﬂx-._.___u_._\_..u LA e v B S ntm.__mn.- ahu e T :

. .1!.- .-..ll..-..l...-.—_....-.r ‘l.lu‘....ln‘-ll._u e .

US 10,457,530 B2

' e il i W .__H-._.' W’ .
FFFFFREF RIS R TR, oyt lenlent . g g e P
oy = R TR D
. . u -“ |U ttl . . - -.1 . - t-“ . - -‘1. ll“
A e A e R TN %1 -hh._____....q.-}r.r.__..u__.."_- ) - g e, i yon e,
' ) 1 ] Ly o . * . M
1/ Loy T o Y Ky
. "_“_ilu _...__..“ “ l%‘ x-m-.)n'.l. ._-.lnlu“r ._". Tk o il il it el g \
e o ket el el gt gl kg g gt gl g g i e ot et i g N BRI . L R I ) L s
; SRR L 1. ‘ ) A A ot et ol : U .
A Sl j : .. A F PP AR T - b A A o o o A o o ot ol ol o kgt g
F. u__"_.....l.. - . “.. : . .. R SN .?nilﬂaﬂﬂ... } .a_._q.“
LN A . " . . ” . . ﬁu. a ".... . rﬂ.lui.l.l.i...,“_._... LEE L b N ] .1.+lw..|...1.1.1 _-___h_.-....._.l FE YR R rE N P P F NN XN FEELE .-..E..I.,...u.-.n.-__.ﬁw
e LT e . T e b e e kL3 O I S P -
A A A R A At Al b A A0 g T s RISy LTI A g g e oo 8 G e e
...u-. S L. . LT LTttt . A B C - - i r N - .-.u.- e ..1.-._..“ K - T A e .
. r l.ﬂ _nk.l« T -..ﬂ. . A L F ﬂ r .._n - ._.l_ . F. y A
. __"“n : e e i s g, - . L ..___m “_L_.. m m“ .“m - .
-r ----- : n B . . - -I . -Hm }}1}]}}}]' - R .l . ) ‘ . I. 1 0
5 2Ty - S e m E .",“....m..ﬂanh.rma..ﬁ...ﬁ..” ..
: .ﬂ?.l‘-n_. ' ﬂ .._l”. .-...lr..-l..l..-.. . .“.l.ltlr._r. _“..- __“. -I___.l._.‘_“...... u.uﬁ-hl.l.l.i.l.l.i.l.”-_-.
- . 3 . [ I =y ) y
v . m ) .. . g r FrAF
O . £ , . _ ; HE 20
e, Henst 3 ’ . _ % . tedy S AR LI R g
. . . o " . A, . .
T\. m 3 __n_..__......n __“ u.._“ o F .__.“. H.M.- -.‘“9‘.”\_____...._._.. ” T Ayt
. PR -4 a 1 a . M.— ﬂ . o~ : "y " ' . o
f -L. m mm m w - u. . . uu\..u\!...-..................._ﬁw T m."___ it M.___h....u._..l...:\.!if”iﬂ..u«l L L EFEEF T, )
¥ y ’o - . . P . AT e T Mg Fy ra LA " "W..-
n_ & . B -ﬂll...-l.t‘ . A ._-._ ] :..._-_-..ll. | oy - L s, ;
' T A T S m o iy . T TR A o
S - . - o . - . . ' LA - : B o, - r A - :
e . >, n.. ”.,su,.. . ._...__,...._...; m_:....: P R P L LN UP I S M iy ___.,“ w - .““ . ) ...._ . -
S " ..f S CE \u._...u._.i.“_..._..l_.L.._.ql.l..ﬂ.___.. Tﬁ:mum.l.ll.ﬂil.l.#lf.l.l.ﬁ\\.hfm.ﬂl.t.kl” i Lol L_. ..u....!n.n " .ﬂ...ﬂ. u_...._...13.l.l.ill.._.......b_._.ﬁ.i.i.i.i.i.i !.-_.__._v.l.lu_...l“l.! L n A
.- -..l. ) i .-_. -_-l.m. L. .. . - - - .. U_ o ok i, [] “ “.I. r- - - .. s - . . .
s : L rs - e "
Hx.__u._ .-..c-... A . " Ay TR Y ~ .._._q_. . ..1._w__. et m..
e, Ak S 2 o E s A ot ) % e T
s _.nﬁn.ﬂh..\uv. " e " - Frxag u___..\.\.__ e W [T ey .
. = . . X . |“ . - - . - v = . - .
-.1...1 .h‘ . . I ” n_n..m..r_.-- e . - .“I.HI..I.-__M____.-.. - ln.JIl_r.i.“..:. .r.utl_l. ) ..M.-\ .ﬂl.i-..l...l_..I.I. LT
~) ” W g A, R S R i S PR
[t w . ) ) T e L o . r = e - A
e .__._._h ..u. . .“.L.__...q..._..__.. -.a..“..q.\i..__.-_,--n.u.u.....{...nfﬂ{ -.1....”“ - ..u..-____-.__-.__.._._ "ﬁ. S .. -
- iy . R .._ﬂr“.__. S . . . A s . = &
= cF D S NI o o
e . F e A ARt
; 5 - ) A S
h - ,”..u_. N m. A,k Pt A
S e 3 . . u.\ TR
|1v Ve -F “l-__ [ ] []
..1... .h..-n ﬂ N !l -\
7 - . - e
T... A : . ‘. . _-h.___- . . . ..u\. . __1_. !
o g I o R R G N L i R
\ .___..._.. 1_--. ___...-.u..__-___. .__...lm._. IR, Y - Ll et h..
_ .hlu- [] - k- . . a “—.. Loe . . - -I.l_- o - h..- .
.-.. ) .. 1.-_1. ..l.-l._.l .....I”u. T, i‘f.i.ikl.‘.l.‘.-.&”.vi.n\ﬂl. Iﬂ.‘?% - - -.- -
1 - K s l..-T . - .-...-..-..l-. r 11 1_ - e ' -
- “\ . i J o [ ] r . -...-‘..r. ﬁhl..l [ ) . - " ) - " TR - v I . .- -
e [ o ;. Bl T . : . e * M . - T B g e
‘-._.ﬁ ST T .u.ql_.h o . . - ..'._ . - -y e T a...i..-. .l-
i R raall ﬁ..m_. _ g g e iy
= e e L S R e By
- A e A L b RAEA = S .-TJ\.J._._..__ o AAs T el .
] ....._-ﬂ_-.r e ot ﬂ._. . ..n -...”..-.H”V 1..1...1.”.?1- gy e gl PP RER A FEETE T Mﬁlﬂuu ..._-_ LT -_“-qlli l_h._.h.-._-.‘.r._“w.“i 1_h , .-_.‘.1. .
£ - o s P R eV
z . . . - " 5 -_.__.._- -__-. ..-.J__. .

Oct. 29, 2019

Ay T
w P IR Lkt
. lil “ .'...1.._-“.I|t-....-. - _._-..-h.l.Fn.-.n-. . , - = u.'.‘-lu-.ﬂ-nul.
Fod oy ey AR TR Ty
“ YRR 1...!.-.th » r.l..-... . .n_-._. :..r-.l.l_...!. a
s e - “r, LT
L P E AN
- ol
. “ ,..._.....n -“.. . ..-..__..-._..n . .....:..-__.......Hl.. .
O O
AN B T TR )
e LT o L m‘.
.I-{n‘. 1: -‘.h - ....I.. - -
. ..II lI __1 i.. R L\.qh‘ . ) !
LI - .
Sy e . e )
.__-..l” £ L!I._-.i -.-....-...-_l..._.- - 1..-. +
_-___..1.._- L] l_-__1. . ‘lh ] ._-.l.u . l._-.r -..—.T 1.I.
RS N A S LI
e R R S .
A B R s -
’ - -2t e e _— O B r 4
. s - - - o - e
E R AT Ly S s S CE
.m.f..nn .-1 - S A A e R ey \
e .._u_ .-.T.tﬂ.v.__.._ SR K, 4 ity bt L I R
- F. o . R T -
-.‘. ] .-.. .fnrq..-f. _ .\‘-_..-T - .nl.' -
LA
[ ] F

. .,.....;.- .“..-..
....\nu_....-. ..,;...___- ._f--\... .\\-
. ...“_Il_arw o 5 ..nr..l‘._...-. 2
L : ..“ \._,._. g PR
. ‘ G S L IR
_ ‘ . t‘- ‘I . ‘-‘. }'rl |.|. .E..L‘. .
il R RN L L I T s
R _..._____..w.-- L b P
n . .

-, } AT T
VALa LR

w LN r 1 " hI_..|
A R e~
A e BRI R ﬁ.ﬁ
P R A R A .
P 2 ....b.__.-.u.-m__.n A AT

U.S. Patent



U.S. Patent Oct. 29, 2019 Sheet 36 of 36 US 10,457,530 B2

A g gy e T L R T b e N Y e R R R
e L ELLEE LT LER S RN R LY {:\
R X .
1

W
o .
. E{Eﬁ"‘ﬁhﬁﬁ"ﬁ-‘? B e TN ey e R

{{b:;_,_,-., e R e Y Y R

3
d

L

X

: T, T, e By ¢ e

u,ﬁ.*..;‘- . m
AT g
BT A : - !
: .h“ l. . ; . ‘i. I !
¥ : hiat - N e e £
;F: b e B e -_:._‘“;1' $- "._-:_,f...-"‘;..l \['l‘ .
IS S, TN i G bE
% ‘.'*“"-"'P"i s, ,..'i-:-‘- . ,:'
. -y E 5 ' :
";\'.@,t". .
‘. . - & WMo

'-i*.-.' - _"b“

i"\;\g Vo &
N e, ; N _' Y i
m Togam 2 : \I‘i‘\
o w 3R -n.L.AL -y
h LR L % i‘t AL
L;.-%‘r_’l‘h“fli'h"h"h"h'l"h‘l"q"lli UL, e L'l,:".;'h-.“"l..‘h'lu‘lp"..ﬂ‘.l..\'h‘l‘n_ - . - ¥ - M'-ﬂm'u'.f. ;l' R _:: . ary A .
AL S e R ¥ P i
Ty Ay Ty N ¥k Uy R e ) i
- 5.""{\:1___\-1:‘1‘.‘1‘1"-"-'1'& - 111'1";_';1__1.-.11'1'1._.._-:...h.'-_a.a._-'-'-'-.'-‘_-._-.,_-._'lh-‘t . ; -4:':: ) t%ﬁ‘t'&‘t'ﬁ'ﬂﬁnﬁ*&’m I; }I$ t‘;'
m ; T 1"‘- . T '.‘{; ‘.-.*.'.{\:':;:“i.ﬁ.ﬂmmﬂ_ﬂmml'm\-gﬁmmﬂ. TP, : -|.' 1?-, .F 3'11_‘
a, . . . “".it:_‘::"‘%? ) . q' ' -“ - Lo R ..!._-\. i 'I" ."e ll .-
#_ z oL -‘_I "\"":l-iqi_-_' -y q‘ - . "h"‘l"'l-"‘-"‘:‘ .- 7 _'h!i-.l- dm o om ko ke 3 R kAR A b_h_._t_n-_h_l_‘h_.ﬁ-_l-_‘h_‘h-_-._-_ i n r. .
g Byt .__nqi‘u-ﬁl?- el . . rot LT, - i‘ T oAk .
3 oo W o i e o IREES 3
: Ii i 'J::?".w 'm"":;‘ll.' . : : '."‘:"I'E'I.'II. i.-l.h_d._qh_-‘._ﬁ.. - I.I F a‘ -.:-:.: * Iff
Iy _ SOC E 1;':;: A g e 1""‘.'\‘;_- . E .:‘ .I:_' ;':E :: e
g R . ‘::3,:') ' S Y ! R S 'y
;“ - -Ir":"l:h ;-";-.*".‘.'n-ﬁ' - qr.'r" E.F 3 i‘: % :"'.r
B R R Y e 3 SRR N
_.- r ._.:.‘ A t_'I'.Li\' a '-.‘I,F- . 1 a . .111_ Ill-
;h %14 :-*-r::"-# ’ "'_"l.:&\:.q.-n.-.n.-.t.-uuﬂ, . .:\' . &r‘b b_
LT ;:.*. . i_l-"-:"‘.‘ ' ""Iﬁ;i:: ":.. _Etj. t
] -ﬂ::ﬂﬁ.& e _1,;-‘, o N hf""
‘h‘.:‘ LR *r - -..",_""L'I.‘-.'-": , oot | U
. T § : . - o 1“":1. .h'l o .'-;:.:.- q- "?
B --T:::':.-:lﬁ"ﬁl‘-‘-- H o ‘}‘b‘-- 1.% . ' i;i: I{- . -: .
. - ‘* - . -l'* = -.1-1_1_-.\.1..3 : d Ny f'l ;?f :? T § o rEa e e e e
' ' "% : Ty Ay .':' % v "I.‘ PRI R R R T A B AL S
R o {%‘Q} N B x '."1‘?.“..1'“I : 'E;"‘ e -
- . L .-
. ‘:\‘ - Wt L -..'} : el W e e
i g gt W % N
Ja kI T ,_'-:’ %, .g-“.;':. l".r'l
- ey w i .- .
S Ty, - .
_"ﬁ""-.mw,_,.;h; b e b 5 Y 12. o .y ';t.‘. x
- -q‘!"‘t - ’ * w H-h ! T "l‘. {' ;I
E PR Rt 3 o $ony ¥
R s W R e Ny a5
"‘\-'l;‘a-._;:;_h.""-*ﬂ " :' . {h .
+ o
+ .... '

o PN,
S
o

)

oy

.:.h_’: .

. T L
i : . ".I*.-I-F'-ht-‘ - -' T r ift
T T T M A AR, N
‘ }*?:!5*{-:4.**__%; o * AR SR R LR L LR $
g """L"-..‘, : "'-.q" 1111111“11.-.!1'3% \
. Ty - B ",

' hf

Wy E‘?H TN
e, 1:"_:-.*;‘.5’5 h"\'ﬁrh
¢

- -‘.‘-.-.'n_ﬁ_“\%::g}s :

™ .
B L e s
- A e e . -
' -‘*b‘ﬁ*t'wmh‘aﬂ '

_.Wﬁmmuwﬁ‘ﬁ‘ﬁm‘n:i{n;ﬁ. MY Ry
& R 3 B
.'l{' ' . Y ey 1‘-“'1'-“':‘:""‘.".' r\. . N X l'lr {
A RTINS g U i1
) ¥ 15:- 'Il . ‘:-:...ﬂ'.l._ql_f-.:.-\.l‘l-“l""'_"'*;* ._jl_-"l‘k‘-.*:--“. I A o 3 . _.- L3 {" I.‘-‘:ﬁ-. I{E‘n ‘. .
:.*'ﬁ‘ﬂ:-"a*-‘*-“rﬁ%‘h%. Ty by ‘t*‘ﬁ“l"h-"i"u':h‘i“;:uitﬂp;hih PR, -‘_Jt-mﬁ_m; u‘..h :" 4, .E ' .'.r. _5
L3 YRR Y g S f Hf B
A VRS TS ' 3 o B z
.:'i;:;}. e L A T e Ty T IR R W R L eI e e . S .F t{i : ’t
N | ' - : Ef X
o8 K EREN
r o3 AR 2 '-I'f?,f- ;.
- H“"*"‘r‘ﬂmh ‘H",uﬁli ¢ m m E ; :1‘ “T" E ',{
: R
d

) At Rty e et b e

. 11'-."-'-'\';'-';11111‘11-n' = '1-111:' -
. 1 -I ) . . 1 . - .

. -’-.&fﬁ.i—-—.,‘f. B

»
|.1 {
roa N )
5 . T ek e e E
Fi‘_. Is. r""""'l-----“‘:.*‘!"i}
; E o R R oy -.'..c_._q_“_.,;.: .
- . |
i‘ ,: Ml '_"‘“1‘"“‘!1"‘”"‘“:‘“?"&4{:“_““ ﬁ'ﬁ-;ﬁ‘__-.:l
‘a - L . -
*- 2 easahi bbbl obhb bl s bl ns s il o -t
. . ¥
i { ’ i $ ’ !m*iﬁ.‘“‘ﬂ-k'ﬁ:ﬁ}:“ﬂ T S M e e T R iy M, e Al ’ -:
_ . 1,] A e e e ¥y P
_ 3ok B i S o S
1"‘\"_,, . B AR AN o S £ s
L . . [
H."ﬁ' : J‘ r St L L ;;‘I*
' ' . 1
b » £

.
v . -
TN, *,-.,1{“,,_‘,,.;,_;_,;.1‘“ .t;m* i
Tt e T e L Ui



US 10,457,530 B2

1

LIKT CRANE WITH MOVEABLLE
COUNTERWEIGHT

REFERENCE TO EARLIER FILED
APPLICATIONS

The present application 1s a continuation of U.S. patent
application Ser. No. 12/847,902 filed Jul. 30, 2010, which
claims the benefit of the filing date under 35 U.S.C. § 119(e)
of Provisional U.S. Patent Application Ser. No. 61/231,884
filed Aug. 6, 2009 and of Provisional U.S. Patent Applica-
tion Ser. No. 61/365,217 filed Jul. 16, 2010; all of which are

hereby incorporated by reference 1n their entirety.

BACKGROUND

The present application relates to lift cranes, and particu-
larly to mobile lift cranes having a counterweight that can be
moved to diflerent positions i an eflort to balance the
combined boom and load moment on the crane.

Lift cranes typically include counterweights to help bal-
ance the crane when the crane lowers its boom and/or lifts
a load. Sometimes the counterweight on the rear of the crane
1s so large that the carbody 1s also equipped with counter-
welght to prevent backward tipping when no load 1s being
lifted. Further, an extra counterweight attachment, such as a
counterweight trailer, 1s sometimes added to the crane to
turther enhance the lift capacities of the mobile lift crane.
Since the load 1s often moved 1n and out with respect to the
center of rotation of the crane, and thus generates different
moments throughout a crane pick, move and set operation,
it 1s advantageous if the counterweight, including any extra
counterweight attachments, can also be moved forward and
backward with respect to the center of rotation of the crane.
In this way a smaller amount of counterweight can be
utilized than would be necessary 11 the counterweight had to
be kept at a fixed distance.

A typical example of the forgoing 1s a Terex Demag
CC8800 crane with a Superlift attachment. This crane
includes 100 metric tonne of carbody counterweight, 280
metric tonne of upperworks counterweight, and 640 metric

tonne on an extra counterweight attachment, for a total of

1020 metric tonne of counterweight. The extra counter-
weight can be moved 1n and out by a telescoping member.
While all of this counterweight makes 1t possible to lift
heavy loads, the counterweight has to be transported when-
ever the crane 1s dismantled for moving to a new job site.
With U.S. highway constraints, it takes 15 trucks to transport
300 metric tonne of counterweight.

Since the crane needs to be mobile, any extra counter-
welght attachments also need to be mobile. However, when
there 1s no load on the hook, 1t 1s customary to support these
extra counterweights on the ground apart from the main
crane; otherwise the extra counterweight would generate
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such a moment that the crane would tip backward. Thus, 11 55

the crane needs to move without a load on the hook, the extra
counterweight attachment also has to be able to travel over
the ground. This means that the ground has to be prepared
and cleared, and often timbers put in place, for swing or
travel of the extra counterweight unit. Thus there would be
a benefit to a crane design that has moveable counterweight
that does not need to be supported by the ground except
through the crawlers on the crane.

U.S. Pat. No. 7,546,928 discloses several embodiments of

mobile lift cranes with a variable position counterweight that
have high capacities with lower amounts of counterweight,
and the moveable counterweight does not need to be sup-

60
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ported by the ground. While these embodiments are great
improvements in the high-capacity crane design, there are

cranes with lower capacities for which 1t would also be
desirable to increase the capacity of the crane without
increasing the total counterweight of the crane, especially 1f
the counterweight did not need to be supported by the
ground during crane operation. Further, the cranes in the
"028 patent include a fixed position lattice mast structure
from which the counterweight 1s suspended by a tension
member. Sometimes 1t 1s beneficial if the mobile lift crane
does not have a fixed mast structure, since the lattice mast
structure requires additional components to be delivered to
a job site, and a high fixed mast 1s sometimes an obstacle
requiring clearance when the crane 1s repositioned. Thus
there 1s a need for further improvements in counterweight
systems for mobile lift cranes.

BRIEF SUMMARY

A mobile lift crane and method of operation has been
invented for smaller capacity cranes that use a reduced
amount of total counterweight compared to other cranes of
the same capacity, but wherein the crane 1s still mobile and
can lift loads comparable to a crane using significantly more
total counterweight. In a first aspect, the 1nvention 1s a lift
crane comprising: a carbody, moveable ground engaging
members mounted on the carbody allowing the crane to
move over the ground; a rotating bed rotatably connected to
the carbody about an axis of rotation, the rotating bed
comprising a counterweight support frame; a boom pivotally
mounted about a fixed boom hinge point on the front portion
of the rotating bed and including a load hoist line for
handling a load; a boom hoist system connected to the
rotating bed and the boom that allows the angle of the boom
relative to the plane of rotation of the rotating bed to be
changed; a counterweight unit supported on the counter-
weight support frame in a moveable relationship with
respect to the counterweight support frame; and a counter-
welght unit movement device connected between the rotat-
ing bed and the counterweight unit so as to be able to move
the counterweight umt toward and away from the boom:;
wherein the crane 1s configured such that during crane
operation, when the counterweight unit 1s moved to com-
pensate for changes in the combined boom and load
moment, the moment generated by the counterweight unit
acts on the rotating bed predominantly through the counter-
weight support frame.

In a second aspect, the mvention 1s a lift crane compris-
ing: a carbody; ground engaging members elevating the
carbody ofl the ground; a rotating bed rotatably connected to
the carbody about an axis of rotation, the rotating bed having
a rearmost fixed portion; a boom pivotally mounted on the
front portion of the rotating bed and including a load hoist
line for handling a load; a mast connected to the rotating bed.,
and adjustable-length boom hoist ngging connected
between the mast and the boom that allows the angle of the
boom relative to the plane of rotation of the rotating bed to
be changed; a counterweight support beam moveably con-
nected to the rotating bed; a counterweight support beam
movement device connected between the counterweight
support beam and the rotating bed such that the counter-
weight support beam can be moved with respect to the
length of the rotating bed away from the rotational connec-
tion of the rotating bed and the carbody, and extend rear-
wardly of the rearmost fixed portion of the rotating bed; a
tension member connected between the mast and the coun-
terweight support beam; a counterweight unit supported on
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the counterweight support beam in a moveable relationship
with respect to the counterweight support beam; and a
counterweight unit movement device connected between the
counterweight support beam and the counterweight unit so
as to be able to move the counterweight unit toward and
away Irom the boom; wherein the counterweight umit may
be moved to and held at a position 1n front of the top of the
mast and moved to and held at a position rearward of the top
of the mast.

A third aspect of the invention 1s a mobile lift crane
comprising, when set up, a carbody having moveable ground
engaging members; a rotating bed rotatably connected to the
carbody such that the rotating bed can swing about an axis
ol rotation with respect to the ground engaging members;
and a boom pivotally mounted on a front portion of the
rotating bed, with a hoist line extending there from; wherein
the crane 1s configured to be set up with two diflerent
counterweight set-up configuration options: 1) a first coun-
terweight set-up configuration option wherein a first coun-
terweight movement system can move a {irst counterweight
unit between a first position and a second position, wherein
the first position 1s a position in which the first counter-
welght unit 1s as near as possible to the axis of rotation for
the first counterweight set-up configuration option, consti-
tuting a first distance from the axis of rotation, and where the
second position 1s a position in which the first counterweight
unit 1s as far as possible from the axis of rotation for the first
counterweight set-up configuration option, constituting a
second distance from the axis of rotation; and 11) a second
counterweight set-up configuration option wherein a second
counterweight movement system can move a second coun-
terweight unit between a third position and a fourth position,
where the third position 1s a position i which the second
counterweight unit 1s as near as possible to the axis of
rotation for the second counterweight set-up configuration
option, constituting a third distance from the axis of rotation,
and where the fourth position 1s a position i which the
second counterweight unit 1s as far as possible from the axis
ol rotation in the second counterweight set-up configuration
option, constituting a fourth distance from the axis of
rotation; and further wherein the fourth distance 1s greater
than the second distance, and wherein the diflerence
between the third and fourth distances 1s greater than the
difference between the first and second distances.

A Tourth aspect of the invention 1s a lift crane comprising:
a carbody; ground engaging members elevating the carbody
ofl the ground; a rotating bed rotatably connected to the
carbody; a counterweight support beam telescopically con-
nected to the rotating bed such that the rear portion of the
counterweight support beam can be extended away from the
rotational connection of the rotating bed and the carbody; a
boom pivotally mounted on the front portion of the rotating,
bed and including a load hoist line for handling a load; a
mast connected to the rotating bed, and adjustable-length
boom hoist rigging connected between the mast and the
boom that allows the angle of the boom relative to the plane
ol rotation of the rotating bed to be changed; a tension
member connected between the mast and the counterweight
support beam; a counterweight unit supported on the coun-
terweight support beam in a moveable relationship with
respect to the counterweight support beam; and a counter-
welght movement system capable of moving the counter-
welght unit toward the boom to a position in front of the top
of the mast and away from the boom to a position rearward
of the top of the mast, the counterweight movement system
causing the counterweight unit to move with respect to the
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rear of the counterweight support beam and the rear of the
counterweight support beam to move with respect to the
rotating bed.

In a fifth aspect, the invention 1s a lift crane comprising:
a carbody having moveable ground engaging members
mounted on the carbody allowing the crane to move over the
ground; a rotating bed rotatably connected about an axis of
rotation to the carbody such that the rotating bed can swing
with respect to the moveable ground engaging members; a
boom pivotally mounted on the front portion of the rotating
bed and including a load hoist line for handling a load; a
mast pivotally mounted on the rotating bed at a first end; a
boom hoist system comprising pendants connected between
the mast and the boom, the boom and mast being connected
together with a fixed length of rigging between the boom and
the mast, and a boom hoist system mounted between the
mast and the rotating bed, the boom hoist system allowing
the angle of the boom relative to the plane of rotation of the
rotating bed to be changed; a moveable counterweight unit
supported on the rotating bed; and a counterweight move-
ment system connected between the rotating bed and the
counterweight unit so as to be able to move the counter-
weilght unit toward and away from the boom.

In a sixth aspect, the ivention 1s mobile lift crane
comprising: a carbody having moveable ground engaging
members; a rotating bed rotatably connected about an axis of
rotation to the embody such that the rotating bed can swing
with respect to the moveable ground engaging members; a
boom pivotally mounted on a front portion of the rotating
bed; an upperworks counterweight unit that rotates with the
rotating bed and 1s never supported by the ground during
crane pick, move and set operations other than indirectly by
the moveable ground engaging members on the carbody,
wherein the ratio of 1) the weight of the upperworks coun-
terweight unit to 11) the total weight of the crane equipped
with a basic boom length i1s greater than 52%.

In a seventh aspect, the invention 1s a method of operating,
a mobile lift crane, the lift crane comprising a carbody
having moveable ground engaging members; a rotating bed
rotatably connected to the carbody such that the rotating bed
can swing with respect to the moveable ground engaging
members; a boom pivotally mounted on a front portion of
the rotating bed, with a hoist line extending there from; a
moveable counterweight support beam; and a moveable
counterweight umt supported on the moveable counter-
weight support beam, the method comprising: performing a
pick, move and set operation with a load wherein the
moveable counterweight umt 1s moved toward and away
from the front portion of the rotating bed during the pick,
move and set operation to help counterbalance the combined
boom and load moment, and wherein the counterweight unit
stays on the counterweight support beam during the pick,
move and set operation, and the counterweight support beam
and counterweight unit both move to counterbalance the
crane as the combined boom and load moment changes.

In an eighth aspect, the invention 1s a method of increas-
ing the capacity of a crane comprising the steps of: a)
providing a lift crane having a first capacity comprising a
carbody having moveable ground engaging members
mounted on the carbody allowing the crane to move over the
ground; a rotating bed rotatably connected about an axis of
rotation to the carbody such that the rotating bed can swine
with respect to the moveable ground engaging members; a
boom pivotally mounted on the front portion of the rotating
bed and including a load hoist line for handling a load; and
a moveable counterweight unit supported on the rotating
bed, the counterweight unit including multiple counter-
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weights stacked on top of each other, the counterweight unit
being moveable from a first position to a second position
turther from the boom than the first position; b) removing at
least some of the counterweights from the crane; ¢) adding
a counterweight support beam to the crane, attached to the
rotating bed; and d) returning at least some of the counter-
welghts removed 1n step b) back to the crane to provide a
crane having a second capacity greater than the first capac-
ity, with the returned counterweights being supported on the
counterweight support beam 1n a manner that allows the
retuned counterweights to be able to move to a third position
turther from the boom than the second position.

In a ninth aspect, the imvention 1s a mobile lift crane
comprising a carbody; moveable ground engaging members
mounted on the embody allowing the crane to move over the
ground; a rotating bed rotatably connected to the carbody
about an axis of rotation, the rotating bed comprising a
counterweight support frame; and a boom pivotally mounted
about a boom hinge point on the front portion of the rotating
bed and including a hoist line for handling a load. The crane
1s configured for assembly 1n at least two configurations. In
the first configuration, the crane further comprises a live
mast; a first counterweight support frame; and a first mov-
able counterweight umit moveably connected to the first
counterweight support frame, and operable to move toward
and away from the boom during a pick, move, and set
operation, wherein the first moveable counterweight unit 1s
supported by the first counterweight support frame. In the
second configuration, the crane further comprises a lattice
mast; a second counterweight support frame; a moveable
counterweight support beam coupled to the second counter-
welght support frame and operable to move relative to the
second counterweight support frame while moving toward
and away from the boom during a pick, move, and set
operation; and a second moveable counterweight unit move-
ably connected to the moveable counterweight support
beam, and operable to move toward and away from the
boom and relative to the moveable counterweight support
beam during a pick, move, and set operation.

With the lift crane of the present invention, a counter-
weight can be positioned far forward such that 1t produces
very little backward moment on the crane when no load 1s
on the hook. As a result, the carbody need not have extra
counterweight attached to it. This large counterweight can
be positioned fax backward so that 1t can counterbalance a
heavy load. On the other hand, with one embodiment of the
invention the load can be lifted without the need for a lattice
mast from which the counterweight 1s suspended. Rather, in
some embodiments the rotating bed 1s equipped with coun-
terweight support frame on which the counterweight unit
can move backwards. Interestingly, 1n some embodiments,
the basic model crane can also be equipped with a lattice
mast and a moveable counterweight support beam to further
increase the capacity of the crane. As with the large capacity
crane of U.S. Pat. No. 7,546,928 of U.S., another advantage
of the preferred embodiment of the invention is that the
counterweight need not be set on the ground when the crane
sets 1ts load. There 1s no extra counterweight unit requiring
a trailer, and the limitations of having to prepare the ground
for such a trailer.

These and other advantages of the invention, as well as
the mvention itself, will be more easily understood in view
of the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side elevation view of a first embodiment of
a mobile lift crane with a variable position counterweight,
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shown with the counterweight 1n a far forward position and,
for sake of clarity, without a boom, live mast and other
components traditionally found on a lift crane.

FIG. 2 15 a side elevation view of the mobile lift crane of
FIG. 1 with the counterweight 1n a mid-position, and show-
ing the crane with its boom and live mast.

FIG. 3 1s a side elevation view of the mobile lift crane of
FIG. 1 with the counterweight in a rearward position.

FIG. 4 1s a partial perspective view of the crane of FIG.
1 with the counterweight 1n a rearward position.

FIG. 35 1s a partial rear elevation view of the crane of FIG.
1, taken along line 5-5 of FIG. 4.

FIG. 6 1s a partial side elevation view of the crane of FIG.
1, taken along line 6-6 of FIG. 4.

FIG. 7 1s a side elevation view ol a counterweight support
beam that may be attached to the counterweight tray used on
the crane of FIG. 1 to produce a second embodiment of a
mobile lift crane of the present invention.

FIG. 8 1s a side elevation view of the counterweight
support beam of FIG. 7 attached to the counterweight tray.

FIG. 9 1s an enlarged side elevation view of the attached
portion of the counterweight support beam of FIG. 7
attached to the counterweight tray.

FIG. 10 1s a side elevation view of the counterweight
support beam of FIG. 7 attached to the counterweight tray
with individual counterweights stacked on the counter-
weight support beam.

FIG. 11 1s a rear elevation view of the counterweight
support beam and counterweights of FIG. 10.

FIG. 12 1s a top plan view of the counterweight support
beam of FIG. 10.

FIG. 13 1s a side elevation view of the basic crane of FIG.
1 with the counterweight support beam and counterweights
of FIGS. 10-12 attached, as well as a lattice mast and boom,
with the counterweight support beam and counterweights
both 1n a far forward position.

FIG. 14 15 a side elevation view of the crane of FIG. 13
with the counterweight support beam in a forward position
and the counterweight unit 1n a rearward position.

FIG. 15 1s a side elevation view of the crane of FIG. 13
with the counterweight support beam 1n an extended posi-
tion and the counterweight unit 1n a rearward position.

FIG. 16 15 a side elevation view of a third embodiment of
the invention, utilizing the crane of FIG. 13 with the
counterweight support beam in an extended position, the
counterweight unit in a rearward position and an additional
auxiliary counterweight attach-d to the rear of the counter-
weight support beam.

FIG. 16A 1s an enlarged, partially exploded view of the
auxiliary counterweight attached to the crane of FIG. 16.

FIG. 17 1s a side elevation view of a fourth embodiment
of a lift crane of the present invention, with an alternative
counterweight support beam attached, with the counter-
weight support beam and the counterweight unit 1n a for-
ward position.

FIG. 18 1s a side elevation view of the crane of FIG. 17
with the counterweight support beam and the counterweight
umt in a rearward position.

FIG. 19 1s aside elevation view of the counterweight
support beam and counterweight unit used on the crane of
FIG. 17.

FIG. 20 1s a top plan view of the crane of FI1G. 17 with the
boom and masts removed for sake of clarity.

FIG. 21 1s a side elevation view of the crane of FIG. 17
with the boom and masts removed for sake of clarity.

FIG. 22 1s a rear elevation view of the crane of FIG. 17
with the boom and masts removed for sake of clarty.
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FIG. 23 1s a perspective view of a fifth embodiment of a
mobile lift crane with a variable position counterweight,
shown with the counterweight 1n a rearward position.

FIG. 24 1s a perspective view of a sixth embodiment of a
mobile lift crane, using the main crane components of the
crane of FIG. 23 but without the fixed mast, shown with the
counterweight 1n a forward position.

FIG. 25 1s a perspective view of the mobile lift crane of
FIG. 24 with the counterweight 1n a rearward position.

FIG. 26 15 a partial rear perspective view of the crane of
FIG. 24 with the stacks of individual counterweights
removed for sake of clarity, but with the counterweight tray

in a rearward position.

FIG. 27 1s a side elevation view of the crane of FIG. 24
with the counterweight 1n a forward position.

FIG. 28 1s a side elevation view of the crane of FIG. 24
with the counterweight 1n a rearward position.

FIG. 29 1s an enlarged perspective view of the counter-
weight support frame and stacks of counterweight of the
crane of FIG. 24 disconnected from the crane.

FIG. 30 1s a top plan view of the counterweight support
frame of FIG. 29 and the counterweight unit movement
device associated therewith.

FIG. 31 1s a side elevation view of the counterweight
support frame of FIG. 30.

FIG. 32 1s a cross-sectional view taken along line 32-32
of FIG. 31.

FIG. 33 1s a cross-sectional view taken along line 33-33
of FIG. 31.

FIG. 34 1s a cross-sectional view taken along line 34-34
of FIG. 31.

FIG. 35 1s a rear perspective view of the counterweight
unit movement device used on the crane of FIG. 24 and
shown 1n FIG. 30.

FIG. 36 15 a front perspective view of the counterweight
unit movement device shown in FIG. 35.

FI1G. 37 1s a rear elevation view of the counterweight unit
movement device shown 1n FIG. 35.

FIG. 38 1s a rear perspective view of the crane of FIG. 23
with the counterweight support beam and the counterweight
unit i a rearward position.

FIG. 39 15 a side elevation view of the crane of FIG. 23
with the counterweight support beam and the counterweight
unit 1 a forward, retracted position.

FIG. 40 15 a side elevation view of the crane of FIG. 23
with the counterweight support beam in a forward, retracted
position and the counterweight unit 1n a rearward position on
the counterweight support beam.

FIG. 41 1s a side elevation view of the crane of FIG. 3 with
the counterweight support beam and the counterweight unit
in a fully extended, rearward position.

FIG. 42 15 a front perspective view of the counterweight
support beam used on the crane of FIG. 23 with the frame
of the counterweight support beam 1n a retracted position,
and also shows the counterweight unit movement device and
counterweight tray, with the individual counterweights
removed for sake of clanty.

FIG. 43 1s front perspective view of the counterweight
support beam of FIG. 42 with the frame of the counterweight
support beam 1n a extended position.

FI1G. 44 1s an exploded view of the telescopic frame of the
counterweight support beam of FIG. 42.

FIG. 45 1s front perspective view of the counterweight
support beam of FIG. 42 1n a retracted position, with the top
plates of the telescopic frame members removed for sake of
clarty.
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FIG. 46 1s front perspective view of the counterweight
support beam of FIG. 42 in an extended position, with the

top plates of the telescopic frame members removed for sake
of clarity.

FIG. 47 1s front perspective view of portions of the
counterweight support beam of FIG. 42 in a retracted
position, also showing the counterweight unit movement
device.

FIG. 48 1s front perspective view of portions of the
counterweight support beam and counterweight unit move-
ment device shown 1n FIG. 47 1n an extended position.

FIG. 49 1s side elevation view of the counterweight
support beam of FIG. 42 1n an extended position, with the
counterweight unit movement device and counterweight
tray removed for sake of clarity.

FIG. 50 1s top plan view of the counterweight support
beam of FIG. 49 1n an extended position, with top plates of
the frame members removed for sake of clarity.

FIG. 51 1s side elevation view of the counterweight
support beam of FIG. 42 1n an extended position, with the
counterweight unmit movement device 1n a rearward position,
but without the counterweight tray.

FIG. 52 1s top plan view of the counterweight support
beam of FIG. 51 1n an extended position.

FIG. 53 1s a rear elevation view taken along line 53-53 of
FIG. 51.

FIG. 54 1s a cross-sectional view taken along line 54-54
of FIG. 51.

FIG. 55 1s a cross-sectional view taken along line 55-55
of FIG. 51.

FIG. 56 1s a cross-sectional view taken along line 56-56
of FIG. 51.

FIG. 57 1s a cross-sectional view taken along line 57-57
of FIG. 31.

FIG. 38 1s a cross-sectional view taken along line 58-58
of FIG. 31.

FIG. 59 15 a cross-sectional view taken along line 59-59
of FIG. 51.

FIG. 60 15 a cross-sectional view taken along line 60-60
of FIG. 51.

FIG. 61 1s a side elevation view of the crane of FIG. 23
like FIG. 39, but showing alternate connection lugs rotating
bed and the counterweight support beam.

FIG. 62 1s a rear perspective view of the crane of FIG. 61
showing the details of the alternate connection lugs, with the
lett side portion on the left lug of the counterweight support
beam removed for sake of clarity.

DETAILED DESCRIPTION OF THE DRAWINGS
AND THE PRESENTLY PREFERRED
EMBODIMENTS

The present invention will now be further described. In
the following passages, diflerent aspects of the invention are
defined 1n more detail. Each aspect so defined may be
combined with any other aspect or aspects unless clearly
indicated to the contrary. In particular, any feature indicated
as being preferred or advantageous may be combined with
any other feature or features indicated as being preferred or
advantageous.

Several terms used 1n the specification and claims have a
meaning defined as follows.

The term “rotating bed” refers to the upperworks of the
crane (the part that rotates with respect to the carbody), but
does not include the boom or any lattice mast structure. The
rotating bed may be made up of multiple parts. For example,
for purposes of the present invention, the adapter plate
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disclosed 1n U.S. Pat. No. 5,176,267 would be considered to
be part of the rotating bed of the crane on which 1t 1s used.
Also, 1T a crane 1s taken apart for transportation between job
sites, the rotating bed, as that term 1s used herein, may be
transported in more than one piece. Further, when a com-
ponent, such as a counterweight support iframe shown in
FIG. 24, 1s attached to the remainder of the rotating bed 1n
a manner that it stays fixed to the remainder of the rotating
bed until completely removed, 1t can be considered to he part
of the rotating bed.

The term “mast” refers to a structure that is attached to the
rotating bed and 1s part of the boom hoist system. The mast
1s used to create an elevated point above the other parts of
the rotating bed through which a line of action 1s established
so that the boom hoist system 1s not trying to pull the boom
up along a line nearly through the boom hinge pin during a
set-up operation. In this regard, a gantry or some other
clevated structure on the rotating bed can serve as a mast.
The mast may be a fixed mast, a derrick mast or a live mast,
depending on the embodiment of the invention. A live mast
1s one that has fixed length pendants between the mast and
the boom during normal crane pick, move and set opera-
tions, and the angle of the boom 1s changed by changing the
angle of the mast. A fixed mast 1s designed to stay at a fixed
angle with respect to the rotating bed during normal crane
pick, move and set operations. (However, a small degree of
movement may occur 1n a fixed mast 1f the balance of the
counterweight moment and the combined boom and load
moment change so that the mast 1s pulled backward by the
counterweight. In that case mast stops are used to hold the
mast up, but those mast stops may allow for a small degree
of movement.) Of course a mast which 1s fixed during
normal crane operations may be pivotal during crane set-up
operations. A derrick mast 1s one that has adjustable length
boom hoist rigging between the mast and the boom, thus
allowing the angle of the boom with respect to the plane of
rotation of the rotating bed to be changed, but also 1s
connected to the rotating bed i a pivotal fashion, and 1is
connected to the rear of the rotating bed with an adjustable-
length connection. A derrick mast may be used as a fixed
mast by keeping the angle of the derrick mast with respect
to the rotating bed constant during a pick, move and set
operation.

The front of the rotating bed 1s defined as the portion of
the rotating bed that 1s between the axis of rotation of the
rotating bed and the position of the load when a load 1s being
lifted. The rear of the rotating bed includes everything
opposite the axis of rotation from the front of the rotating
bed. The terms “front” and “rear” (or modifications thereof
such as “rearward”) referring to other parts of the rotating
bed, or things connected thereto, such as the mast, are taken
from this same context, regardless of the actual position of
the rotating bed with respect to the ground engaging mem-
bers.

The rearmost fixed portion of the rotating bed 1s defined
as the part of the rotating bed that 1s designed to not move
with respect to the rest of the rotating bed during normal
crane pick, move and set operations, and that 1s furthest from
the centerline of rotation between the rotating bed and the
carbody.

The tail swing of the crane 1s used to signify the distance
from the axis of rotation of the crane to the furthest away
portion of the rotating bed (or other component that swings
with the rotating bed). The tail swing i1s dictated by the
portion of the crane that swings with the rotating bed but 1s
behind the axis of rotation compared to the boom and which
produces the broadest arc when the crane rotates about the
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rotatable connection between the carbody and the rotating
bed. If a back comer of the rotating bed 1s 25 feet from the
axis of rotation, the crane 1s said to have a tail swing of 2.5
feet, and when the crane 1s set up to be used, no obstructions
can be present within that taill swing distance. In many
cranes the fixed counterweight 1s mounted on the rear of the
rotating bed, and constitutes the furthest away portion of the
rotating bed, and thus dictates the tail swing of the crane. On
cranes with a moveable counterweight, often the counter-
welght moving backwards to compensate for a greater load
will increase the tail swing of the crane. It must be remem-
bered that the width of a part on the rear of a crane may aflect
the tail swing, because the distance to the axis of rotation of
that part 1s a function of how far back on the rotating bed the
part 1s, and how far to the side 1t 1s from the centerline of the
crane.

The position of the counterweight unit 1s defined as the
center of gravity of the combination of all counterweight
clements and any holding tray to which the counterweights
are attached, or otherwise move 1n conjunction with. All
counterweights on a crane that are tied together so as to
always move simultaneously are treated as a single coun-
terweight umt for purposes of determining the center of
gravity.

The term “upperworks counterweight” means the coun-
terweight that 1s attached to and rotates with the rotating bed
during crane pick, move and set operations. These may be
stacks of individual counterweights. Often the upperworks
counterweight 1s removable from the rest of the rotating bed.
The term “upperworks counterweight unit” includes the
upperworks counterweight and any tray that holds the indi-
vidual counterweights. If the counterweight 1s moveable,
then “upperworks counterweight umt” includes elements
that necessarily move with the counterweight. For example,
in the embodiment shown 1n FIGS. 38-60, the upperworks
counterweight unit includes the tray 533, the individual
counterweights stacked on the tray, and the trolley 370, since
it moves with the counterweight. The outer beam member
532 1s not part of the upperworks counterweight unit
because the counterweight unit can move mdependently of
outer beam member 532.

The term “total weight of the crane” means the weight of
the crane without a load on the hook, but includes the weight
of all the components of the crane as 1t 1s set up for a
particular lift. Thus the total weight of a mobile lift crane
includes the weight of any counterweights that are included
with the crane for the lift, as well as the normal crane
components, such as the crawlers, carbody, any carbody
counterweight, the rotating bed, any mast that 1s included, all
of the ngging and hoist drums, and all other accessories on
the crane that travel with the crane when the assembled
crane moves over the ground.

The term ““total weight of the crane equipped with a basic
boom length” means the total weight of the crane when 1t 1s
configured with a basic boom, which 1s defined below.

The top of the mast 1s defined as the turthest back position
on the mast from which any line or tension member sup-
ported from the mast 1s suspended.

The combined boom and load moment 1s defined as the
moment about the center of rotation of the rotating bed
created by the dead weight of the boom, including the load
ho1st line and hook block, and any load suspended from the
boom. If no load 1s on the load hoist line, then the combined
boom and load moment will be the moment created by the
dead weight of the boom. The moment takes into consider-
ation the length of the boom, the boom angle and the load
radius.
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The moveable ground engaging members are defined as
members that are designed to remain engaged with the
ground while the crane moves over the ground, such as tires
or crawlers, but does not include ground engaging members
that are designed to be stationary with respect to the ground,
or be lifted from contact with the ground when they are
moved, such as a ring on a ring supported crane and
outriggers commonly found on truck mounted cranes.

The term “move” when referring to a crane operation
includes movement of the crane with respect to the ground.
This can be either a travel operation, where the crane
traverses a distance over the ground on its moveable ground
engaging members; a swing operation, in which the rotating
bed rotates with respect to the ground; or combinations of
travel and swing operations.

The term “center of gravity of the boom” refers to the
point about which the boom could be balanced. In calculat-
ing the center of gravity, all of the components attached to
the boom structure that have to be lifted when the boom 1s
iitially raised, such as any sheaves mounted in the boom
top for the load hoist line, must be taken into account.

Since booms may have various cross section shapes, but
are designed with a centerline about which compressive
loads are preferably distributed, the term *“boom angle,”
means the angle of the centerline of the boom compared to
horizontal.

The term “basic boom length” 1s the length of the shortest
boom configuration that a crane manufacturer has specified
as acceptable for use with a given model of crane.

The term “horizontal boom angle” refers to the boom
being at a position where the boom 1s at or very close to a
right angle with the direction of gravity. Likewise, the term
“parallel to the ground” has the same meaning. Both of these
terms have a meaning that takes into account small varia-
tions that occur 1n normal crane set-up and usage, but which
a person ol ordinary skill in the art would still think of as
being horizontal. For example, when a boom 1s originally
assembled on the ground before being lifted into an opera-
tional position, 1t 1s considered to be at a horizontal boom
angle even 1f the ground 1s not exactly level or 1 parts of the
boom are on blocks. The boom can be slightly above or
slightly below an exact horizontal position depending on the
blocking used, and still be considered to be at a horizontal
boom angle and parallel to the ground.

Stability 1s mostly concerned with the crane as a whole
being able to stay upright during crane lifting operations.
Rear tipping stability for lift cranes that have an upperworks
that rotates about a lowerworks may be expressed as a ratio
of a) the distance between the center of gravity of the entire
crane and the axis of rotation to b) the distance between the
rear tipping fulcrum (typically the center of the last roller in
the frame of a crawler for a crawler crane) and the axis of
rotation. Thus if the distance between the center of gravity
of the entire crane and the axis of rotation were 3.5 meters,
and the distance between the rear tipping fulcrum from the
axis ol rotation were 5 meters, the stability would be 0.7.
The lower the value of this ratio, the more stable the crane
1s. Of course the center of gravity of the crane 1s a function
of the relative magnitudes and relative positions of the
centers ol gravity of the different crane components. Thus,
the length and weight of the boom and the boom angle can
greatly influence the location of the center of gravity of the
entire crane, and thus the crane’s stability, as can the weight
and position of the counterweight unit. Backward tipping
stability 1s of the greatest concern at high boom angles with
no load on the hook. Raising the boom will decrease the rear
tipping stability of a crane because the center of gravity of
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the boom 1s brought closer to the axis of rotation, and thus
the center of grawty of the entire crane may be moved
further behind the axis of rotation. The stablhty number 1s
thus higher, as the numerator of the ratio increases, signi-
tying that the crane is less stable.

When determining the center of gravity of the entire
crane, 1t 1s often useful to determine contributions to that
center of gravity by considering the weight of each indi-
vidual crane component and the distance that the center of
gravity of that component i1s from a point of reference, and
then use a summation of the moments generated about that
reference point by each crane component. The individual
values in the summation are determined by multiplying the
weight of the component by the distance between the center
of gravity of that component and the reference point. For
rear tipping stability calculations, 1t 1s common to use the
axis of rotation as the reference point when making the
summation to determine the center of gravity of the entire
crane.

When considering the moment generated by the boom, it
1s common to separate the total boom weight, located at the
center of gravity of the entire boom, into two separate
weights, one at the boom butt called the “boom butt weight™,
and one at the boom top called the “boom top weight”. The
total weight of the boom will be equal to the boom top
weight plus the boom butt weight. Those weights are deter-
mined by calculating what force would he generated 1f the
boom were simply supported at each end, with the assump-
tions that the load hoist line reaches to but i1s not reeved
through the boom top, and that the boom straps are con-
nected. Thus, 11 one scale were placed under the boom butt
at the point the boom connects to the rotating bed (the boom
hinge point) and another scale were placed under the boom
top at the point the boom top sheaves are connected, the
weilght on the two scales combined would of course be the
weilght of the boom, and the mndividual scale weights would
be the boom butt weight and the boom top weight, respec-
tively.

Several embodiments of the invention are shown 1n the
attached drawings. A first basic crane model with a first
counterweight set-up configuration 1s shown i1n FIGS. 1-6.
That same basic crane model can be set up with a second
counterweight set-up configuration, as shown in FIGS.
13-15. A further modification of the first basic crane with a
third counterweight set-up configuration 1s shown in FIG.
16. A second basic crane model with a first counterweight
set-up configuration 1s shown in FIGS. 24-28. That same
second basic crane model can be set up with a second
counterweight set-up configuration, as shown 1 FIGS. 23
and 38-41. FIGS. 17-22 show a third basic crane model set
up 1 a counterweight set-up configuration similar to the
second counterweight set-up configurations of the other
basic crane models.

In the first embodiment, shown 1in FIGS. 1-6, the mobile
lift crane 10 includes lowerworks, also referred to as a
carbody 12 (best seen 1n FIGS. 4 and 5), ground engaging
members elevating the carbody ofl the ground; and a rotatmg
bed 20 rotatably connected to the carbody about an axis of
rotation. The moveable ground engaging members on the
crane 10 are in the form of two crawlers 14, only one of
which can be seen from the side view of FIG. 1. (FIG. 1 1s
simplified for sake of clarity, and does not show the boom
and mast.) The other crawler 14 can be seen 1n the perspec-
tive view of FIG. 4 and in the rear view of FIG. 5. In the
crane 10, the moveable ground engaging members could be
multiple sets of crawlers, such as two crawlers on each side,
or other moveable ground engaging members, such as tires.
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In the crane 10 the crawlers provide front and rear tipping
tfulcrums for the crane. FIG. 1 shows the rear tipping fulcrum
16 and the front tipping fulcrum 17 of crane 10.

The rotating bed 20 1s mounted to the carbody 12 with a
slewing ring, such that the rotating bed 20 can swing about
an axis with respect to the ground engaging members 14.
The rotating bed supports a boom 22 pivotally mounted 1n
a {ixed position on a front portion of the rotating bed; a live
mast 28 mounted at 1ts first end on the rotating bed; and a
moveable counterweight unit 35 having counterweights 34
on a support member in the form of a counterweight tray 33.
The counterweights 1n this embodiment are provided 1n two
stacks of individual counterweight members 34 on the
counterweight tray 33 as shown i FIGS. 4 and 5. The
rotating bed has a rearmost fixed portion, which will be
discussed 1n detail below. In the crane 10, since the coun-
terweight 1s moveable, 1t does not constitute the rearmost
fixed portion of the rotating bed, even though when the
counterweight 1s moved to a rearward position the outside
corner of the counterweights 34 will be the furthest from the
rotational centerline and thus define the tail swing of the
crane. However, when the counterweight unit 35 1s pulled
torward, as 1 FIG. 1, the rearmost fixed portion of the
rotating bed will define the tail swing of the crane.

A boom hoist system on crane 10 allows the angle of the
boom 22 relative to the plane of rotation of the rotating bed
20 to be changed 1n the crane 10, the boom hoist system
includes rigging connected between the rotating bed 20, the
mast 28 and the boom 22. The boom hoist system includes
a boom hoist drum and boom hoist line reeved between a
sheave set on the mast and a sheave set on the rotating bed.
The mast 28 1s pivotally connected to the rotating bed and
the boom hoist rigging between the mast and the boom
comprises only fixed length members 1n the form of two sets
of pendants 25 (only one of which can be seen in the side
view) connected between the mast 28 and the top of the
boom 22. In addition the boom hoist rigging includes
multiple parts of boom hoist line 27 between sheaves 23 on
the rotating bed and sheaves on the second end of mast 28.
A boom hoist drum 21 on the rotating bed can thus be used
to take up or pay out boom hoist line 27, changing the angle
of the live mast 28 with respect to the rotating bed, which 1n
turn then changes the angle of the boom 22 with respect to
the rotating bed 20. (Sheaves 23 and drum 21 are not shown
on FIGS. 4-6 for sake of clanty.) Alternatively, the mast 28
could be used as a fixed mast during normal crane operation,
with boom hoist line running between an equalizer and the

top of the mast to change the angle between the mast and the
boom.

A load hoist line 24 for handling a load extends from the
boom 22, supporting a hook 26. The rotating bed 20 may
also includes other elements commonly found on it mobile
l1ft crane, such as an operator’s cab and whip line drum 29.
The load hoist drum 13 for the hoist line 24 1s preferably
mounted on the boom butt, as shown 1n FIG. 2. If desired,
an additional hoist drum 19 can be mounted at the base of
boom 22, as shown in FIGS. 2 and 3. The boom 22 may
comprise a luiling j1b pivotally mounted to the top of the
main boom, or other boom configurations.

The counterweight unit 35 1s moveable with respect to the
rest of the rotating bed 20. In the crane 10, the rotating bed
20 1ncludes a counterweight support frame 32, preferably 1n
the form of a welded plate structure including a pair of
spaced-apart side members best seen 1 FIGS. 4-6. The
counterweight support frame 32 supports the moveable
counterweight unit 35 1 a moveable relationship with
respect to the counterweight support frame 32. The coun-
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terweight support frame 32 comprises a sloped surface
provided by flanges 39 that the counterweight unit 35 moves
on, that surface sloping upwardly compared to the plane of
rotation between the rotating bed and the carbody as the
counterweight support frame extends rearwardly. The coun-
terweight tray 33 includes rollers 37 which rest on the
flanges 39 welded to the plate structure of the support frame.
The rollers 37 are placed on the top of the counterweight tray
33 so that the tray 33 is suspended beneath the counter-
weilght support frame 32. In the crane 10, the counterweight
support frame constitutes the rearmost fixed portion of the
rotating bed. Further, the counterweight support frame 32 1s
supported on the rotating bed 20 in a fashion such that the
moment generated by the counterweight unit 35 acts on the
rotating bed 20 predominantly, and 1n this case only, through
the counterweight support frame.

A counterweight movement system 1s connected between
the rotating bed 20 and the counterweight unit 35 so as to be
able to move the counterweight unit 35 toward and away
from the boom. The counterweight unit 35 1s moveable
between a position where the counterweight unit 1s in front
of the rearmost fixed portion of the rotating bed, such that
the tail swing of the crane 1s dictated by the rearmost fixed
portion of the rotating bed (as seen 1 FIGS. 1 and 2), and
a position where the counterweight unit dictates the tail
swing ol the crane (as seen 1n FIGS. 3, 4 and 6). Preferably
the counterweight unit 35 can be moved to a point so that the
center ol gravity of the counterweight unit 1s near to, and
preferably even 1n front of, the rear tipping fulcrum 16 of the
crane, as seen 1n FIG. 1.

The counterweight movement system in the crane 10
comprises a counterweight unit movement device made up
ol a drive motor 40 and a drum on the rear of the counter-
weight support frame 32. Preferably the counterweight unit
movement device has two spaced apart 1dentical assemblies,
and thus the drive motor 40 drives two drums 42, best seen
in FIG. 4. Each assembly of the counterweight unit move-
ment device further includes a tlexible tension member that
passes around a driven pulley and 1dler pulley 41 (best seen
in FIG. 1). The driven pulleys are provided by drums 42. The
flexible tension member may be a wire rope 44 as shown, or
a chain. Of course 1 a chain 1s used, the driven pulley will
be a chain drive. Both ends of each flexible tension member
are connect to the counterweight tray 33 as seen in FIG. 6,
so that the counterweight unit 35 can be pulled both toward
and away from the boom. Preferably this 1s accomplished by
having an eye 43 on both ends of the wire rope 44 and holes
in a connector 45 on the counterweight tray 33, with pins
through the eyes and the connector 45. Thus, in the crane 10,
the counterweight umt movement device 1s connected
between the counterweight support frame 32 and the coun-
terweight unit 33.

While FIG. 1 shows the counterweight unit 35 1n 1ts most
forward position, FIG. 2 shows the counterweight unit 35 1n
a mid-position, and FIGS. 3-6 show the counterweight unit
35 1n 1ts most rearward position, such as when a large load
1s suspended from the hook 26, or the boom 22 is pivoted
forward to extend the load further from the rotating bed. In
cach of these positions, the crane 1s configured such that
during crane operation, when the counterweight 1s moved to
compensate for changes in the combined boom and load
moment, the weight of the counterweight unit 35 1s trans-
ferred to the rotating bed only through the counterweight
support frame 32. The phrase “only through the counter-
weight support frame” 1s meant to differentiate prior art
cranes where a tension member between the top of a mast
and the counterweight provides at least some of the support
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for the counterweight, such as the arrangement disclosed 1n
U.S. Pat. No. 4,953,722, which has a backhitch pendant
connecting the rear of the support beam to mast, and thus
supports the beam from both ends. In the crane 10, all of the
counterbalance force provided by the counterweight unmit 35
1s transmitted through the counterweight support frame 32 to
the rest of the rotating bed. Meanwhile, the boom hoist
rigging transfers forward tipping forces from the boom and
any load on the hook to the rear of the rotating bed.

With the preferred embodiment of the present invention,
the moveable counterweight 1s never supported by the
ground during normal operations. The crane can performing
a pick, move and set operation with a load wherein the
moveable counterweight 1s moved toward and away from
the front portion of the rotating bed by operating hydraulic
motor 40 and drums 42 to move the counterweight during
the crane operation to help counterbalance the load, but the
counterweight 1s never supported by the ground other than
indirectly by the moveable ground engaging members on the
carbody. Further, the moveable counterweight unit 35 1s the
only functional counterweight on the crane. The carbody 1s
not provided with any separate functional counterweight.
The fact that the counterweight unit can be moved very near
to the centerline of rotation of the crane means that the
counterweight does not produce a large backward tipping
moment 1n that configuration, which would otherwise
require the carbody to carry additional counterweight. The
phrase “not provided with any separate functional counter-
weight” 1s meant to differentiate prior art cranes where the
carbody 1s specifically designed to include significant
amounts ol counterweight used to prevent backward tipping
of the crane. For example, on a standard model 16000 crane
from, the Manitowoc Crane Company, the carbody is pro-
vided with 120,000 pounds of counterweight, and the rotat-
ing bed 1s provided with 332,000 pounds of upperworks
counterweight. With cranes of the present invention, all
452,000 pounds of that counterweight could be used 1n the
moveable counterweight unit, and no functional counter-
weight added to the carbody.

The counterweight positioning may be manually con-
trolled, or the crane 10 can further comprise a sensor (not
shown) that senses a condition that 1s related to a need to
move the counterweight. In 1ts simplest form, the counter-
weilght may be moved 1n response to a change of boom
angle. In a more sophisticated manner, the combined boom
and load moment can be used to control movement of the
counterweight, so that either a change in boom angle, or
picking up a load, will result 1n movement of the counter-
weight. IT desired, this can be accomplished automatically 1t
a computer processor 1s coupled with the sensor. In that case,
a computer processor controlling the counterweight move-
ment system, and possibly other operations of the crane,
receives signals from the sensor indicating the condition
(such as the boom angle), or some other function 1indicative
of the condition (such as tension in the boom hoist rigging,
which 1s indicative of the combined boom and load moment,
or the moment of the boom and load about the hinge pins of
the boom) and controls the position of the counterweight
unit. The position of the counterweight may be detected by
keeping track of the revolutions of drums 42, or using a
cable and reel arrangement (not shown). The crane using
such a system will preferably comprise a computer readable
storage medium comprising programming code embodied
therein operable to be executed by the computer processor to
control the position of the counterweight unit.

FIGS. 13-15 show a second embodiment of a crane 110 of
the present invention. In addition to the live mast 128, this
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embodiment 1includes a fixed position mast 117, which has
some disadvantages compared to the crane 10 since the fixed
mast structure requires additional components to be deliv-
ered to a job site, and 1s sometimes an obstacle requiring
clearance when the crane 1s repositioned. However, the
addition of the fixed mast 117 allows the crane 110 to be
equipped with other features that increase the lifting capac-
ity of the crane. As with crane 10, in crane 110 the carbody
1s not provided with any separate functional counterweight,
and the moveable counterweight unit 1s never supported by
the ground during crane pick, move and set operations other
than indirectly by moveable ground engaging members on
the carbody.

Crane 110 1s made with the same basic crane structure of
crane 10, but has an additional counterweight support beam
160 added to 1t, as well as the fixed mast 117. Instead of a
fixed mast, a derrick mast could also be used. The counter-
weight support beam 160 1s shown i FIGS. 7-12. The
counterweight support beam 160 1s moveably connected to
the rotating bed 120. The crane 110 utilizes the same
structure that moved the counterweight unit 35 on crane 10
as a counterweight support beam movement device, as
explained below. Thus, 1n this embodiment, the counter-
welght movement system includes a counterweight umit
movement device and a counterweight support beam move-
ment device. This counterweight support beam movement
device 1s connected between the counterweight support
beam 160 and the rotating bed 120 such that the counter-
weight support beam can be moved with respect to the
length of the rotating bed away from the rotational connec-
tion of the rotating bed and the carbody, and extended
rearwardly of the rearmost fixed portion of the rotating bed.
As will be explained more fully below, the movement of the
counterweight support beam 160 1s generally horizontal and
in a direction in line with the length of the counterweight
support beam. The crane 110 further includes a tension
member 131 connected between the fixed mast 117 and the
counterweight support beam 160. The counterweight unit
135 1s supported on the counterweight support beam 160 1n
a moveable relationship with respect to the counterweight
support beam. The counterweight unit movement device 1s
connected between the counterweight support beam 160 and
the counterweight unit 135 so as to be able to move the
counterweilght unmit toward and away from the boom 122.
The counterweight unit 135 may be moved to and held at a
position 1n front of the top of the fixed mast 117 and moved
to and held at a position rearward of the top of the fixed mast
117.

Crane 110 includes a live mast 128 just like live mast 28
on crane 10. However, after being used to erect the fixed
mast 117, live mast 128 1s thereafter disabled from changing
position. To change the boom angle on crane 110, boom
hoist line 115 travels up from boom hoist drum 118 mounted
at the base of mast 117 and 1s reeved with multiple parts of
line between an equalizer 129 and sheaves on the top of
fixed mast 117. The equalizer 129 1s connected to the boom
122 by fixed length pendants 126. Fixed length pendants 125
connect the top of fixed mast 117 to the top of mast 128. The
rigging 127 connects the top of mast 128 to the rotating bed
120 through the sheave set 123 and drum 121, just as with
boom hoist ngging 27, sheave 23 and drum 21 on crane 10.
Although they are not shown, crane 110 also includes a load
hoist line and hook block, just like those used 1n crane 10.

The counterweight support beam 160 1s preferably mna U
shape, made from two spaced apart side members 162,
connected together 1n the rear by a cross member 164, best
seen 1n FIG. 12. The front ends of the two side members 162
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connect to a counterweight tray 133, which 1s moveably
mounted on a counterweight support frame 132 on rotating
bed 120 using drive motor and drums on the rear of the
rotating bed. This 1s 1dentical to the way counterweight tray
33 1s moveably mounted to the rotating bed 20 on crane 10.
The counterweight support beam 160 1s further equipped
with a counterweight unit movement device connected
between the counterweight support beam 160 and the coun-
terweight unit 135. The counterweight unit 135 can thus
move with the counterweight support beam 160, and move
relative to the counterweight support beam 160.

The tension member 131 1s preferably 1n the farm of two
sets of connected flat straps (only one set of which can be
seen 1n the side views) attached adjacent the top of the fixed
mast 117 and supports the rear of counterweight support
beam 160 1n a suspended mode. Since the tension member
has a fixed length, when the counterweight support beam
160 1s moved rearwardly, the rear of the counterweight
support beam will move in an arc, with the center of arc
being the point where tension member 131 connects to the
top of fixed mast 117. Thus the rear of the counterweight
support beam will rise slightly as 1t moves rearwardly. In
order to keep the counterweight support beam 160 as nearly
horizontal as possible, the surface on the counterweight
support frame 132 on the rotating bed 120 on which the
counterweight tray 133 moves rearwardly comprises a
sloped surface (flanges 139, best seen 1n FIG. 11) that slopes
upwardly compared to the plane of rotation between the
rotating bed and the carbody as the counterweight support
beam 1s moved rearwardly, just as flanges 39 provided the
sloped surface on crane 10. The path could he machined to
match the arc shape traveled by the rear of the counterweight
support beam but, more practically, a simple straight sloped
path 1s used that provides the same raise 1n height that the
rear of the counterweight support beam 160 will experience
as the counterweight support beam 160 1s moved to 1ts full
rearward position. The movement of the counterweight
support beam 160 1s thus generally horizontal and 1n a
direction in line with the length of the counterweight support
beam. As can best be seen 1n FIGS. 7 and 10, rollers 137 are
mounted on the counterweight tray 133 such that the rear
rollers 137 are at a higher elevation than the front rollers 137
(FIG. 7). In this manner the counterweight tray 133 will
itself’ remain horizontal while the rollers 137 rnide on the
sloped surface. Support feet 182 are included as a safety
teature and can provide support to the counterweight unit 1n
the event of a sudden release of the load. However, the
support feet are sized so that when the counterweight
support beam 160 1s 1n its most forward positioned (FIG.
13), and thus support feet 182 are at their closest point to the
ground in the arc created by pivoting the tension member
131 about the top of the mast 117, the support feet 182 will
still be an adequate distance ofl the ground (such as 15
inches) so that during normal crane operation, the support
feet never contact the ground during pick, move and set
operations.

The same structure that moved the counterweight tray 33
in crane 10 1s used to move the counterweight tray 133 1n
crane 110. However, since the counterweight support beam
160 1s now connected to the counterweight tray, the coun-
terweight support beam 160 now moves with the counter-
weight tray 133. The counterweight support beam 160 can
thus be moved to and secured at infinitely variable positions
with respect to the rotating bed, meaning that it can be
moved a small amount, a large amount (up to the maximum
movement ol the counterweight tray 133 on the counter-
weight support frame 132 on the rotating bed), or any
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position there between. This 1s different than other extend-
able counterweight support surfaces, such as counterweight
support beam in U.S. Pat. No. 4,953,722, which can be
extended and secured at only two different operational
positions.

FIG. 9 shows the connection of the counterweight support
beam 160 to the counterweight tray 133. The individual
counterweights 134 are not placed on the counterweight tray
in this embodiment. Lugs 179 welded to the side members
162 connect to connectors 145 on the counterweight tray
133. Just as 1n crane 10, wire rope 144 1s used to move the
counterweight tray 133, and an eye on both ends of wire rope
144 and holes 1n connector 145 on the counterweight tray
133 are pinned together with pins through the eyes and the
connector 145. At the same place, a pin holds each the lug
179 to a connector 145. When the motor turns the drums on
the end of the counterweight support frame 132 on the
rotating bed 120, the wire rope 144 1s moved back and forth,
just as wire rope 44 moves on crane 10. The wire rope 144
pulls the connector 145 on the counterweight tray 133. At
the same time, the counterweight support beam 160 1s
moved by the connection between lugs 179 and connector
145.

The sections of counterweight 134 are stacked on the
counterweight support beam 160 in a moveable manner,
such as on sliding wear pads (not shown). When they are 1n
a far forward position, the counterweight sections are
directly above the counterweight tray, to which the coun-
terweight support beam 160 1s attached. In this position, just
like the counterweight 35, counterweight unit 135 1s move-
able to a position 1n front of the rearmost fixed portion of the
rotating bed. In addition, since the counterweight beam 160
can move rearwardly, and the counterweight unit 135 can
move rearwardly on the counterweight support beam 160,
the counterweight unit 135 may be moved to and held at a
first position 1n front of the top of the fixed mast, and moved
to and held at a second position rearward of the top of the
fixed mast 117.

In this embodiment, the counterweight unit comprises two
stacks of counterweights that are moved simultaneously. The
stacks each contain the same counterweights 134 that are
identical to the counterweights 34 used on crane 10, plus
some additional counterweights 136 (FIGS. 10 and 11). The
stacks each rest on a counterweight base plate 163, which 1n
turn includes slider pads (not shown) that allow the coun-
terweight base plates to move on the surface of the side
members 162. Rollers could be used instead of slider pads.
Pairs of flexible tension members 173, each of which may be
a chain as shown, or a wire rope, passes around driven
pulleys 1n the form of chain drives 176 and 1dler pulleys 172
(best seen 1 FIGS. 7 and 12). The chain drives 176 are
mounted on shaits 178 which are turned by a gear box and
motor (not shown). The counterweight base plates 163 each
attach to these tlexible tension members 173 through a
connector 189 so that the stacks of counterweight can be
pulled both toward and away from the front of the counter-
weight support beam, and hence toward and away from the
boom 122. (The counterweight base plates 163 are not
shown 1n FIG. 12 for sake of clanty).

The crane 110 thus includes a moveable a counterweight
support beam 160 and a moveable counterweight unit 135
supported on the moveable counterweight beam that can be
moved independently on the counterweight support beam.
The angle of the boom can be changed, or the crane can
performing a pick, move and set operation with a load,
wherein the moveable counterweight unit 1s moved toward
and away from the front portion of the rotating bed during
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the boom angle change or pick, move and set operation to
help counterbalance the combined boom and load moment.
At first, the counterweight unit 135 will move to the rear of
the crane while the counterweight support beam remains in
its forward position. If further counterbalancing i1s needed,
the counterweight unit 135 can stay on the counterweight
support beam 160 during the change 1n the combined boom
and load moment, and the counterweight support beam and
counterweight unit can move together to counterbalance the
crane as the boom angle 1s lowered or a load 1s picked up.
As with crane 10, in the preferred embodiment, the coun-
terweight unit 135 can move forward of the rearmost fixed
portion of the rotating bed 120.

Since the basic crane 10 can be used to make the crane
110, one aspect of the invention 1s a crane that 1s configured
to be set up with two diflerent counterweight set-up con-
figuration options. The {first counterweight set-up configu-
ration option (crane 10) has a first counterweight movement

system that can move a first counterweight unit 35 between
a first position (FIG. 1) and a second position (FIG. 3). For
the crane 10, the counterweight set-up configuration 1s a
counterweight unit 35 directly supported on the counter-
welght support frame 32 and the counterweight unit move-
ment device 1s connected so as to move the counterweight
unit with respect to the counterweight support frame. The
first position 1s a position 1n which the first counterweight
unit 1s as near as possible to the axis of rotation for the first
counterweight set-up configuration option. This constitutes a
first distance from the axis of rotation. The second position
1s a position 1n which the first counterweight unit 1s as far as
possible from the axis of rotation for the first counterweight
set-up configuration option. This distance constitutes a sec-
ond distance from the axis of rotation.

The second counterweight set-up configuration option
(crane 110) has a second counterweight movement system
that can move a second counterweight unit 135 between a
third position (FIG. 13) and a fourth position (FIG. 15). For
the crane 110, the counterweight set-up configuration
includes a counterweight support beam 160 moveably con-
nected to the counterweight support frame 132 and a coun-
terweight unit 135 supported on the counterweight support
beam, with the counterweight support beam movement
device connected so as to move the counterweight support
beam with respect to the counterweight support frame. The
third position 1s a position in which the second counter-
welght unit 1s as near as possible to the axis of rotation for
the second counterweight set-up configuration option. This
constitutes a third distance from the axis of rotation. The
fourth position 1s a position 1 which the second counter-
welght unit 1s as far as possible from the axis of rotation in
the second counterweight set-up configuration option, which
constitutes a fourth distance from the axis of rotation.

As evident from the drawings, for the cranes 10 and 110,
the fourth distance 1s greater than the second distance, and
the difference between the third and fourth distances 1s
greater than the diflerence between the first and second
distances. The diflerence between the third and fourth dis-
tances 1s preferably at least 1.5 times as large as the
difference between the first and second distances, more
preferably at least 2.0 times as large as the difference
between the first and second distances, and even more
preferably at least 2.5 times as large as the difference
between the first and second distances. With preferred
embodiments of the invention, the difference between the
third and fourth distances is at least 3 times as large as the
difference between the first and second distances.
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In the preferred embodiment, the crane 10 includes a
counterweight tray 33 movably supported on the counter-
weight support frame 32, and in the first option counter-
weights 34 are stacked directly on the counterweight tray 33,
and 1n the second option the counterweight support beam
160 1s attached to the counterweight tray 133 and counter-
weights 134 are stacked on the counterweight support beam
160. The second counterweight unit will typically have more
counterweight boxes included than the first counterweight
unmit. However, while not shown in the depicted embodi-
ments, the first and second counterweight units could be
identically configured.

FI1G. 16 shows a third embodiment of a crane, which 1s
just like crane 110 1n all but one feature. Thus the reference
numbers used on the parts of crane 210 in FIG. 16 are
identical to the parts of the crane 110 with the same
reference number with an addend of 100. For example,
boom 222 on crane 210 1s just like boom 122 on crane 110.
Likewise boom hoist line 215, fixed mast 217, boom hoist
drum 218 rotating bed 220, drum 221, sheave set 223, fixed
length pendants 225, fixed length pendants 226, mast 228,
equalizer 229, tension member 231 and counterweight unit
235 are just the same as their respective components in crane
110. The one difference 1s that crane 210 includes an
additional counterweight unit 237 attached to the rear of the
counterweight support beam 260. The additional counter-
weight unit 237 1s used to further increase the lifting
capacity of the basic crane 10. It moves 1n and out with the
counterweight support beam 260.

FIG. 16 A shows the details of how the auxiliary counter-
weight attaches to the counterweight support beam 260. The
auxiliary counterweight 237 includes a counterweight tray
252 which 1s provided with side panels 254 that include a
hook element 256. The counterweight support beam 260 1s
provided with extensions 66 on the rear side ol cross
member 264, which mate with the side panels 254. A pin 268
in each extension 266 allows the hook element 256 to
connect to the pin 268 from above, with a rotational engage-
ment. Each side panel 254 1s provided with a bearing surface
2358, and the cross member 264 1s provided with a bearing
surfaces 269 that abut the surfaces 238 to limit the rotation
when the hook element 256 1s engaged with the pin 268, thus
holding the tray 252 in a connected, horizontal position.

FIGS. 17-22 show a fourth embodiment of a crane 310 of
the present invention. Like crane 110, crane 310 1ncludes a
carbody 312, crawlers 314, rotating bed 320, boom 322,
boom hoist rigging 3235, a fixed mast 317, a live mast 328,
a counterweight support beam 360 moveably connected to
the rotating bed such that the rear portion of the counter-
welght support beam 360 can be extended away from the
rotational connection of the rotating bed and the carbody, a
counterweight umt 335 supported on the counterweight
support beam 360 1n a moveable relationship with respect to
the counterweight support beam, and a tension member 331
connected between the fixed mast and the counterweight
support beam 360. The primary difference between the crane
310 compared to crane 110 1s that the counterweight support
beam 360 has a telescoping feature, and the front portion of
it stays connected to the rotating bed 320 at the same place
all of the time. Further, the counterweight movement system
simultaneously causes the counterweight unit 335 to move
rearwardly with respect to the counterweight support beam
360 as the telescoping rear portion of the counterweight
support beam moves rearwardly with respect to the rotating
bed 320. In this fashion a single driving device moves the
counterweight support beam with respect to the rotating bed
(serving as the counterweight support beam moving device)
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and moves the counterweight unit with respect to the coun-
terweight support beam (serving as a counterweight unit
movement device).

The counterweight support beam 360 1s preferably ina U
shape, made from two spaced apart side members 362,
connected together 1n the rear by a cross member 364, best
seen 1n FIG. 20. The front ends of the two side members 362
connect to the rotating bed 320. Each side member 362 is
made from two sections that fit together 1n a telescoping
tashion. FIG. 17 shows the two sections in a retracted
position, while FIGS. 18-21 show the two sections in an
extended position.

FIG. 19, which shows the counterweight support beam
360 by itself, with the counterweight unit 335 resting on 1it,
and FIG. 20, which shows the counterweight support beam
360 connected to the rotating bed 320 of crane 310 but with
other portions of crane 310 removed for sake of clarity,
shows the counterweight support beam movement device.
The counterweight support beam movement device com-
prises a telescoping cylinder 355 attached between the
rotating bed 320 and the counterweight support beam 360,
and a plurality of flexible tension members 1n the form of
wire ropes 373 that pass around pulleys 371 and 372 and
which connect to the counterweight unit 335 at connections
376 and to the counterweight support beam 360 at connec-
tions 378. The counterweight unit 335 can be pulled toward
the boom as the telescoping cylinder 353 retracts and pulls
the rear portion 364 of the counterweight support beam
towards the boom. When this happens, the pulleys 372 on
the counterweight support beam 360 have to also move
forward. Since the wire ropes 373 are connected at both the
connections 376 and 378, in order for the pulleys 372 to
move forward, the wire rope has to travel 1 a clockwise
fashion (as seen from the side view in FIG. 21), which
moves the connection 376 forward, which 1n turn pulls the
counterweight unit 335 forward on the counterweight sup-
port beam, 1n addition to the movement of the section of the
counterweight support beam 1tself. On the other hand, when
the cylinder 355 i1s extended, pulleys 371 are pushed back-
ward as the telescoping cylinder extends and pushes the rear
portion of the counterweight support beam away from the
boom. This causes the wire rope 373 to travel 1n a counter-
clockwise direction, pulling connections 376 and counter-
weight 335 rearwardly.

As can be seen from FIG. 17, the rotating bed 320 has a
rearmost {ixed portion, and the counterweight unit 335 1s
moveable to a position where the counterweight unit 335 1s
in front of the rearmost fixed portion of the rotating bed. The
counterweight umt 335 may be moved to and held at a
position 1n front of the top of the fixed mast (FIG. 17) and
moved to and held at a position rearward of the top of the
fixed mast (FIG. 18) during crane pick, move and set
operations. During this movement the moveable counter-
weight unit 335 1s never supported by the ground other than
indirectly by the moveable ground engaging members 314
on the carbody 312. The support feet 382 are included as a
safety feature and can provide support to the counterweight
unit 1n the event of a sudden release of the load. However,
the support feet are sized so that when the rear 364 of the
counterweight support beam 360 1s positioned directly
below the top of the mast 317 (FIG. 17), and thus support
feet 382 are at their closest point to the ground in the arc
created by pivoting the tension member 331 about the top of
the mast 317, the support feet 382 will still be an adequate
distance ofl the ground so that during normal crane opera-
tion, the support feet never contact the ground during pick,
move and set operations.
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FIGS. 23-60 show the details of another embodiment of
a crane that can be set up with two different counterweight
set-up configurations. FIGS. 24-28 show the crane 410 with
a moveable counterweight supported on a counterweight
support frame. FIGS. 23 and 38-41 show the same crane
with a mast and a moveable counterweight support beam. In
this configuration the crane 1s referred to as crane 510.

Like crane 10, crane 410 has a carbody 412; moveable
ground engaging members 414 mounted on the carbody
allowing the crane 410 to move over the ground; a rotating
bed 420 rotatably connected to the carbody about an axis of
rotation; a boom 422 pivotally mounted about a fixed boom
hinge point on the front portion of the rotating bed; and a
boom hoist system, provided by a live mast 428 and boom
hoist rigging 427, connected between a sheave set on the
rotating bed and the boom that allows the angle of the boom
relative to the plane of rotation of the rotating bed to be
changed. As with crane 10, the boom hoist system comprises
a boom hoist drum and boom hoist line reeved between a
sheave set on the mast and a sheave set on the rotating bed.
In this embodiment, the rotating bed includes a counter-
weilght support frame 432 that 1s attached to the remainder
of the rotating bed 420 1n a detachable fashion, as described
in more detail below. The counterweight unit 4335 1s sup-
ported on the counterweight support frame 432 1n a move-
able relationship with respect to the counterweight support
frame 432. A counterweight unit movement device, also
described 1n more detail below, connects between the rotat-
ing bed and the counterweight unit 435 so as to be able to
move the counterweight unit 4335 toward and away from the
boom 422. In this configuration, as with crane 10, during
crane operation, when the counterweight unit 1s moved to
compensate for changes in the combined boom and load
moment, the moment generated by the counterweight unit
4335 acts on the rotating bed predominantly, and 1n this case
only, through the counterweight support frame.

The counterweight support frame 432 in this embodiment
1s located below the remainder of the rotating bed. The
counterweight support frame 1s made of a welded plate
structure, best seen 1n FIGS. 29-34. It 1s mounted 1n a
removable fashion to the remainder of the rotating bed. An
adapter 450 1s used to make an easily removable connection
between the rotating bed 420 and the front of the counter-
weilght support frame 432. The adapter 450 1ncludes holes
452 through ears 454 that fit between lugs 429 on the lower
portion of the rotating bed 420 to connect the adapter 450,
and hence the counterweight support frame 432, to the

rotating bed 420. The adapter 450 1s 1tself secured to the
counterweight support frame 432 by pins 456 (best seen 1n
FIG. 34). The use of pins 456 allows the adapter 450 to be
detached from the counterweight support frame 432 so that
the counterweight support frame 432 can be reused in the
configuration of crane 5310. Front holes 481 serve as a place
to pin the counterweight support frame 432 and adapter 450
together. Rear holes 483 and top holes 484 1n the counter-
weight support frame 432 are not used 1n this embodiment,
but are included so that the counterweight support frame 432
can be used 1n the configuration of crane 510, as explained
below.

At the rear, the counterweight support frame 432 connects
to the rotating bed through two short links 462. The links
462 are each pinned at one end to a lug 464 on the rotating
bed and at the other end in between a pair of lugs 466 on the
rear ol the counterweight support frame 432. Once the
pinned connections are made with the adaptor 450 at the
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front and the links 462 at the rear, the counterweight support
frame 432 1s 1n reality a detachable portion of the rotating
bed of the crane 410.

In crane 410, the counterweight unit movement device 1s
connected between the rotating bed 420 and the counter-
weight unit 435 by being connected between the counter-
weilght support frame 432, as part of the rotating bed, and the
counterweight umt. The counterweight unit 435 comprises a
counterweight tray 433 pinned to a moveable trolley 470
(FIGS. 35-37). As with earlier embodiments, the counter-
weight tray 1s suspended beneath the counterweight support
frame. The tray 433 pins into holes 471 (FIG. 31) on the
trolley 470. The holes 471 are bigger on top than on bottom.
The bottom dimension 1s the same as the outside diameter of
the pins (not shown) used to connect the tray 433 and the
trolley 470. The larger dimension on top allows for easy
isertion of the pins.

The trolley 470 rides on four vertical rollers 476 that
engage a flange 438 along cach side of the counterweight
support frame 432. The trolley 470 also includes four
horizontal rollers 478 (FIG. 33) that provide sideways
positioning of the trolley 470 on the counterweight support
frame 432.

The counterweight unit movement device comprises at
least one, and 1n this embodiment, two hydraulic motors and
gear boxes 472 each driving a gear 474 connected to the
trolley 470. The counterweight support frame 432 includes
a set of teeth 436 (FIG. 29) on each side. The gears 474
engage with the teeth 436 on the two sides of the counter-
weight support frame 432 to move the trolley 470 with
respect to the counterweight support frame as the motor and
gearbox 472 turns the gear 474. In this way the counter-
weilght unit 435 can move with respect to the counterweight
support frame 432 by being mounted on trolley 470.

For ease of fabrication, several individually replaceable
sections of steel bar 434 (best seen 1n FIG. 29) may be bolted
onto the rest of the counterweight support frame 432 with
socket head cap screws to provide both flange 438 and the
teeth 436. In addition, the side surfaces of these steel bars
provide the engagement surface for the horizontal rollers
4’78, as seen 1n FIG. 33. Preferably the surfaces of these steel
bars 434 are hardened to provide better wear resistance with
the rollers 476 and 478. The steel bars 434 include shear
blocks surfaces 439 (FIGS. 32 and 33) to help carry the load
from the rollers 476 on the trolley 470 to the counterweight
support frame 432. As seen 1n FIG. 32, the rollers 476 are
preferably mounted 1n the same vertical plane as the gears
474.

In the preferred embodiment, the crane 1s configured such
that during crane operation, when the counterweight unit 1s
moved to compensate for changes in the combined boom
and load moment, the moment generated by the counter-
welght unit with respect to a front tipping fulcrum of the
crane 1s not transferred to the rotating bed through the mast.
Rather, the moment 1s transierred to the rotating bed by the
counterweight support frame, such as through the pinned
connections at lugs 429 and 464.

The crane 510 1s made from the same components used to
make crane 410, with an added fixed mast 517 and a
moveable counterweight support beam 560. In addition, the
structure used as the live mast 428 in crane 410 1s no longer
used as a live mast. Instead, boom hoist ngging 519 1s
provided between the boom top and the top of fixed mast
517 to allow the boom angle to be changed. Fixed length
pendants 525 connect the top of fixed mast 517 to the top of
mast 528. The rigging 527 and the mast 528 are held in a
fixed position during normal operation of crane 520. Also, a
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tension member 531 1s added between the top of mast 517
and counterweight support beam 560. In the drawings, the
components used on the crane 410 that are the same as 1n
crane 510 have the same reference number with an addend
of 100; thus boom 422 on crane 410 1s boom 522 on crane
510. The counterweight umt 535 1s the same as counter-
weight unit 435.

The counterweight unit 335 on crane 510 may be moved
in two ways. First, just like counterweight unit 435, coun-
terweight unit 535 includes a trolley 570 with rollers 576
that ride on flanges on a counterweight support frame.
However, 1n this counterweight set-up configuration, the
counterweilght support frame 1s part of the telescoping
counterweight support beam 560. Thus, another way to
move the counterweight unit 535 1s to telescope out the
beam 560 while maintaining the location of the counter-
weilght unit 535 on the frame, which 1n this case 1s the outer
beam member 532. The first type of movement can be seen
by comparing FIGS. 39 and 40, and the second type of
movement can be seen by comparing FIGS. 40 and 41. Both
types of movement can be carried out independently, and
need not be carried out to the full extent possible. However,
usually the counterweight unit 535 will be moved back on
outer beam member 532 until 1t has moved as far as possible
betore the beam 560 1s extended. As can be seen by
comparing FIGS. 39 and 41, with the counterweight move-
ment system of crane 310, the counterweight unit can be
moved to a position where 1t 1s between the boom hoist
sheave set on the rotating bed and the axis of rotation of the
carbody, and moved to a position where 1t 1s behind the
boom hoist sheave set on the rotating bed.

The counterweight support beam 560 1s preferably made
with three nested, telescoping beam members: an inner
beam member 592, a middle beam member 582 and the
outer beam member 532, also referred to above as the
counterweight support frame. Thus the counterweight sup-
port beam movement device comprises a telescoping frame
with at least one mner frame member fitting inside an outer
frame member. As shown, more preferably the counter-
weight support beam has an mtermediate frame member
inside the outer frame member and surrounding the inner
frame member. The counterweight support beam comprises
the outer frame member of the telescoping frame that 1s part
of the counterweight support beam movement device.

Interestingly, the structure used as the counterweight
support frame 432 1n the first counterweight set-up configu-
ration option (crane 410) can be used as the outer beam
member 532 1n the counterweight support beam 360 1n the
second counterweight set-up configuration option (crane
510). When the counterweight support frame 432 is used as
the outer beam member 532, 1t includes additional internal
structure so that i1t can be connected to the rest of the beam
members and move with respect to the rotating bed 520.

Because the trolley 570 1s just the same as trolley 470, and
the outer beam member 532 has an external configuration
like counterweight support frame 432, the way that coun-
terweight unit 335 moves with respect to outer beam mem-
ber 532, the structure of the trolley 570, motors and gear-
boxes 572 and gears 574 engaging teeth on sections of steel
bar 534 will not be described again in detail. Because of
these similarities, in this embodiment the driving gear con-
nected to the trolley engages teeth on the counterweight
support beam 560 to move the trolley with respect to the
counterweight support beam 560 as the motor turns the gear
574.

The counterweight support beam 560 mounts to the rest of
the crane 510 1n a fashion similar to how counterweight
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support frame 432 connected to the rest of crane 410. Instead
of short links 462, connecting between lugs 466 and the rear
of the rotating bed, the tension members 531 connect from
the top of the fixed mast 517 through lugs 566 to the rear of
the counterweight support beam 560. On the front, instead of
adaptor 450, the mner beam member 592 includes a con-
nector 550 on its end. This connector has ears 554 with holes
552 through them so that the connector 350 can be pinned
to the underside of the rotating bed 520, just as adapter 450
was pinned to rotating bed 420.

The counterweight support beam movement device com-
prises a linear actuation device, preferably in the form of a
trunnion mounted hydraulic cylinder. The counterweight
support beam movement device further comprises ropes and
pulleys mounted to the mtermediate and outer frame mem-
bers such that the outer frame member moves 1n a slave
relationship to the movement of the intermediate frame
member with respect to the mner frame member. In the
preferred embodiment of counterweight support beam 560,
a double acting hydraulic cylinder 540 with a rod 342 1is
connected between the imner beam member 592 and the
middle beam member. Thus as the rod 542 1s extended and
retracted, the middle beam member 5382 moves with respect
to the 1nner beam member 592. Meanwhile, the outer beam
member 332 1s connected to the other beam members 1n a
slaved fashion, so that movement of the other beam mem-
bers with respect to each other necessarily and simultane-
ously causes a movement of the outer beam member 532
with respect to the middle beam member 582. The details of
how this happens are best seen 1n FIGS. 42-52, with addi-
tional details in FIGS. 53-60.

The 1nner, middle and outer beam members are each made
from welded plates into a box structure. Rollers 385 and 586
support the 1nside surface of outer beam member 532 on the
outside of middle beam member 582. Likewise, rollers 587
and 588 support the inside of middle beam 582 to the outside
of 1nner beam member 592. The holes 481 and 483 1n the
sides of counterweight support frame 432 are used to mount
rollers 385 and 586 when the member 432 1s reused as outer
beam member 532 1n crane 510.

To help explain the movement of the beams with respect
to each other, some of the drawings, like FIGS. 45-50, are
shown with some of the plate members removed. As best
seen 1 FIGS. 45 and 46, the hydraulic cylinder 1s trunnion
mounted through mounting 541 to the side walls of the inner
beam member 592. The rod portion 542 of the hydraulic
cylinder terminates 1n a head 539 with a hole through 1t that
can be pinned between lugs 538 welded to the back plate of
middle beam 3582. Thus, as the rod 542 inside hydraulic
cylinder 540 1s extended and retracted, middle beam mem-
ber 582 will likewise extend and retract with respect to inner
beam member 592.

The movement of the outer beam member 332 1s con-
trolled by a pair of retract wire ropes 544 and a pair of extend
wire ropes 346. The extend wire ropes 546 are tied off at one
end by connectors 543 to the front of the outer beam member
532. The extend wire ropes pass through holes 584, which
are the same as unused holes 484 in the counterweight
support frame 432. The extend wire ropes 546 pass around
extend sheaves 596 mounted on the rear portion of the
middle frame member 582. The other ends of the extend
wire ropes 546 are tied ofl by connectors 5935 to the back of
the counterweight support beam connector 350 located at the
front of the imner beam member 592. If the counterweight
support beam 560 1s 1n a retracted mode, and the hydraulic
cylinder 540 1s extended, causing the middle beam member
582 to move backwards with respect to the mmner beam
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member 592, the extend sheaves 596 will be pushed back-
ward with the middle beam member, requiring the extend
wire ropes 546 to pass around the extend sheaves 596,
necessarily pulling the front of the outer beam member 532
backward by the connections 5435. Because the extend wire
ropes 346 are tied ofl at connectors 545 on the outer beam
member 532 and connectors 5395 at the from of the inner
beam member 592, but pass around extend sheaves 596
attached to the middle beam member 582, one foot of travel
distance of the middle beam member will cause the outer
beam member 532 to extend two feet.

The retract wire ropes 344 are tied ofl at one end by
connectors 543 (FIGS. 49 and 56) to the rear of the inner
beam member 592. The retract wire ropes pass around
retract sheaves 594 mounted on the front portion of the
middle beam member 582. The other ends of the retract wire
ropes 344 are tied off by connectors 393 to the back of the
outer member 532. If the counterweight support beam 560
1s 1n an extended mode, and the hydraulic cylinder 540 1s
retracted, causing the middle beam member 382 to move
forward with respect to the inner beam member 592, the
retract sheaves 594 will he pushed forward with the middle
beam member; requiring the retract wire ropes 544 to pass
around the retract sheaves 394, necessarily pulling the rear
of the outer beam member forward by the connectors 593.
Because the retract wire ropes are tied ofl at connectors 543
to the inner beam member, but pass around retract sheaves
594 attached to the middle beam member 582, one foot of
travel distance of the middle beam member will cause the
outer beam member 532 to retract two feet. The retract wire
ropes 344 could attach to the outer beam member 532 at any
point 1n the beam behind where the retract sheaves 594 are
located when the beam 1s retracted. However, by having the
retract wire ropes 344 tie ofl at the very rear of the outer
beam member 532, the connectors 393 are more readily
accessible 11 adjustment 1s needed.

It will be noticed from FIGS. 38 and 59 that the rollers
588 have flanges on the outside to help keep the beams
aligned side-to-side. Rollers 583, 586 and 587 also have
such flanges. Preferably the rollers 585, 586, 587 and 588
are mourned in the side of the middle beam member 582
with bearings between the roller shait and the roller,
although no bearings are shown 1n the figures. Also, 1t 1s not
clear from the drawings, but one of ordinary skill 1n the art
will understand that there 1s a slight clearance on the sides
and the top or bottom of the rollers compared to the beam
members supported thereon.

FIGS. 61 and 62 show an alternative arrangement for the
connection between the rear of the rotating bed 420 and the
counterweight support frame 432 when the crane 1s set up
without the fixed mast 517 (when the crane 1s set up in its
first counterweight set-up configuration), as well as an
alternative arrangement for the connection between the
telescoping counterweight support beam 560 and the tension
members 531 when the crane 1s set up 1n 1ts second coun-
terweight set-up configuration. Rather than using short links
462, the support on the rear of the rotating bed in the form
of lugs 523 are located at a position where they can be
pinned directly to lugs 620 on outer beam member 332, used
as part of counterweight support beam 360 1n the embodi-
ment shown 1 FIGS. 61 and 62. Like the lugs 566, lugs 620
are each made of two plates with holes through them used
for making a pinned connection with either the rotating bed
(when the crane 1s set up in 1ts {irst counterweight set-up
configuration), or the bottom of a tension member 531
(when the crane 1s set up 1n 1ts second counterweight set-up
configuration). In the first counterweight set-up configura-
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tion, pins (not shown) pass through holes 632 1n the lugs 620
and holes 562 in the lugs 523.

One of the benefits of the lugs 620 1s that they include a
top bar 624 and lower bar 626 between plates 621 and 622
that engage with the lug 523 on rotating bed 520 when the
counterweight support beam 560 1s fully retracted, as shown
in FIG. 62 (where the left side plate has been removed for
sake of clarity). Thus, the support 523 on the rear of the
rotating bed engages with a counterweight beam support
engagement (bars 624) positioned such that when the coun-
terweight beam 1s 1n a fully retracted position, the support
and the support engagement are able to transfer load from
the counterweight beam directly to the rotating bed. At high
boom angles, with no load on the hook, the moment of the
counterweight system may exceed the offsetting moment of
the combined boom and load moment as seen by the fixed
mast 517. In that situation, the fixed mast will try to move
backward and will compress the fixed mast stops 529 until
the top bars 624 on the outer beam member lugs 620 engage
the lug 523 on the rotating bed 520. (It should be noted that
when the crane 1s set up with mast 517, no pins are placed
in holes 562 and 632. These holes just also happen to line up
when the tension member 531 is pinned to the lugs 620 and
the counterweight support beam 560 1s fully retracted.) At
that point the rear of the rotating bed will be carrying part of
the counterweight load, reducing the tendency of the mast
517 to tip backwards any further.

Preferably the counterweight unit 1s moveable to a posi-
tion so that the center of gravity of the counterweight unit 1s
within a distance from the axis of rotation of less than 125%
of the distance from the axis of rotation to the rear tipping
tulcrum, and more preferably within a distance from the axis
ol rotation of less than 110% of the distance from the axis
ol rotation to the rear tipping fulcrum.

As noted above, prior art mobile lift cranes generally had
multiple counterweight assemblies. The variable position
counterweight of the preferred crane has only one counter-
welght assembly. Where the conventional designs require
330 metric tonne of counterweight, the crane 10 with a
single variable position counterweight will require approxi-
mately 70% of this amount, or 230 metric tonne of coun-
terweight, to develop the same load moment. The 30%
counterweight reduction directly reduces the cost of the
counterweight, although this cost 1s partially oflset by the
cost of the counterweight movement system. Under current
U.S. highway constraints, 100 metric tonne ol counter-
weilght requires five trucks for transport. Thus, reducing the
total counterweight reduces the number of trucks required to
transport the crane between operational sites. Because the
counterweight 1s reduced significantly, the maximum ground
hearing reactions are also reduced by the same amount. The
counterweight 1s positioned only as far rearward as required
to lift the load. The crane and counterweight remain as
compact as possible and only expand when additional load
moment 1s required. A further feature i1s the capability to
operate with reduced counterweight 1in the mid-position. The
reduced counterweight would balance the backward stability
requirements when no load 1s applied to the hook. The
variable position function could then be turned off and the
crane would operate as a traditional 11ft crane. With preferred
embodiments of the mnvention, the total counterweight com-
pared to a crane with a comparable capacity can be reduced,
or if the total counterweight 1s the same, the stability of the
crane can be increased or the crane can be designed with a
smaller footprint. Of course some combination of all three of
these advantages may be used in producing a new crane
model.
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A crane customer may 1nitially decide to purchase and use
the crane 410 with only the counterweight support frame
432, and not include an inner beam member 592 and middle
beam member 582, nor the fixed mast 517. Then later the
crane 410 could be converted to crane 510 by adding the
fixed mast 517 and inserting the inner beam member 592 and
middle beam member 582 into the counterweight support
frame 432, making the counterweight support beam 560.
Thereafter, inner beam member 592 and middle beam mem-
ber 582 could be removed when the crane was set up without
the fixed mast 517. However, 1t 1s more likely that the
counterweight support beam 560 would remain intact once
assembled, and used on the crane 410 without being
extended, but simply used as a counterweight support frame
432.

In the first counterweight set-up configuration option
(crane 10 or crane 410), the counterweight unit i1s not
supported by a fixed mast or a derrick mast. Rather, the
counterweight unit 1s supported on a counterweight support
frame on the rotating bed. A counterweight movement
system comprises a counterweight unit movement device
connected so as to move the counterweight unit with respect
to the counterweight support frame. In the second counter-
weilght set-up configuration option (crane 110 or crane 510),
the second counterweight unit 1s supported by a mast
selected from a fixed mast and a derrick mast. A counter-
weight support beam 1s moveably connected to the rotating
bed and the counterweight unit 1s supported on the coun-
terweight support beam. The counterweight movement sys-
tem comprises a counterweight support beam movement
device connected so as to move the counterweight support
beam with respect to the rotating bed. In the crane 110, the
counterweight support beam 1s moveably connected to the
rotating bed by being moveably connected to the counter-
weight support frame. In the crane 510, the counterweight
support beam 1s moveably connected to the rotating bed by
having a telescoping section that moves 1s moveably con-
nected to the rotating bed by a front portion of the counter-
welght support beam.

In the first counterweight set-up configuration option, the
crane 10 or crane 410 includes a counterweight tray mov-
ably supported on the counterweight support frame and
counterweights are stacked directly on the counterweight
tray. In the second counterweight set-up configuration
option of crane 110, the counterweight support beam 1is
attached to the counterweight tray and counterweights are
stacked on the counterweight support beam by being stacked
on a base plate that 1s on the counterweight support beam.

With the embodiments of cranes 110 and 510, a method
of operating the mobile lift crane involves performing a
pick, move and set operation with a load wherein the
moveable counterweight umt 1s moved toward and away
from the front portion of the rotating bed during the pick,
move and set operation to help counterbalance the combined
boom and load moment, and wherein the counterweight unit
stays on the counterweight support beam during the pick,
move and set operation. The counterweight support beam
and counterweight unit both move to counterbalance the
crane as the combined boom and load moment changes.
Further, the counterweight unit may be moved with respect
to the counterweight support beam during the pick, move
and set operation to help counterbalance the combined boom
and load moment.

Preferred cranes of the present invention have a moveable
upperworks counterweight unit that rotates with the rotating
bed and a counterweight movement system connected
between the rotating bed and the counterweight unit. The
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counterweight unit may be moved to and held at both a
forward position and a rearward position, but i1s never
supported by the ground during crane pick, move and set
operations other than indirectly by the moveable ground
engaging members on the carbody. The ratio of 1) the weight
of the upperworks counterweight unit to 11) the total weight
of the crane equipped with a basic boom length i1s greater
than 52%, preferably greater than 60%. In some embodi-
ments, the counterweight unit 1s supported on a counter-
welght support frame that 1s provided as part of the rotating,
bed, and the counterweight unit 1s 1n a moveable relationship
with respect to the counterweight support frame.

The invention 1s particularly applicable to cranes that
have a capacity of between 200 and 1500 metric tonne, and
more preferably between 300 and 1200 metric tonne.

It will be appreciated that the invention includes a method
of increasing the capacity of a crane. A lift crane having a
first capacity can be modified to become a crane having a
second capacity greater than the first capacity. The crane of
the first capacity includes a counterweight unit having
multiple counterweights stacked on top of each other. The
counterweight unit 1s moveable from a {first position to a
second position further from the crane boom than the first
position. The method involves removing at least some of the
counterweights from the crane; adding a counterweight
support beam to the crane; and returning at least some of the
counterweights back to the crane to provide the crane with
the greater capacity. The returned counterweights are sup-
ported on the counterweight support beam in a manner that
allows the retuned counterweights to be able to move to a
third position further from the boom than the second posi-
tion. As disclosed, 1n some embodiments, the counterweight
support beam 1s attached to the rotating bed by being
attached to a counterweight support beam movement device
that 1s attached directly to the rotating bed, and the coun-
terweight support beam movement device 1s connected
between the counterweight support beam and the rotating
bed such that the counterweight support beam can be moved
with respect to the length of the rotating bed away from the
rotational connection of the rotating bed and the carbody. In
some methods of the invention, the returned counterweights
move to the third position by moving with the counterweight
support beam, or by moving with respect to the counter-
weight support beam, or by moving with the counterweight
support beam and moving with respect to the counterweight
support beam. As discussed above, the step of adding th
counterweight support beam may involve removing an outer
frame structure connected to the rotating bed by an adapter,
assembling that outer frame structure with a telescoping
inner frame structure to create the counterweight support
beam movement device, and attaching the mner structure to
the rotating bed.

It should be understood that various changes and modi-
fications to the presently preferred embodiments described
herein will be apparent to those skilled in the art. For
example, the boom hoist system could comprise one or more
hydraulic, cylinders mounted between the boom and the
rotating bed to change the angle of the boom instead of a live
mast or lattice mast, a fixed gantry could be used to support
boom hoist rigging. In this regard, such a gantry i1s consid-
ered to be a mast for purposes of the following claims. The
crane 10 could be modified to include a lattice mast such as
1s used on crane 110 but with just the moveable counter-
welght on counterweight support frame 32 rather than with
a counterweight support beam 160, 1n which ease the boom
hoist rigging would 1nclude an equalizer between the lattice
mast and the boom. If the crane 1s set up this way on a job
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site, 1t can perform smaller lifts as mitially set up, and then
have the counterweight support beam 160 added to make the
crane 110 without having to set up the crane again. Further,
parts of the crane need not always be directly connected
together as shown 1n the drawings. For example, the tension
member could be connected to the mast by being connected
to a backhitch near where the backhitch 1s connected to the
mast. Such changes and modifications can be made without
departing from the spirit and scope of the present mnvention
and without diminishing 1ts intended advantages. It 1s there-
fore intended that such changes and modifications be cov-
ered by the appended claims.

What 1s claimed 1s:

1. A mobile lift crane adapted to be configured 1n both a
first configuration and a second configuration, the mobile It
crane comprising:

a) a carbody;

b) moveable ground engaging members mounted on the

carbody allowing the crane to move over the ground;

¢) a rotating bed rotatably connected to the carbody about
an axis of rotation; and

d) a boom pivotally mounted on the rotating bed and
including a hoist line for handling a load;

¢) a counterweight support frame connected to the rotat-
ing bed;

1) a moveable counterweight unit;

g) wherein 1n the first configuration,

1. a first mast 1s connected to the boom;

1. a second mast pivotally 1s connected to the rotating
bed, the second mast being connected to the first
mast during at least a first pick, move, and set
operation;

111. a moveable counterweight support beam 1s coupled
to the counterweight support frame and configured to
move relative to the counterweight support frame
while moving toward and away from the boom for
use during the at least first pick, move, and set
operation; and

h) wherein 1n the second configuration,

1. the first mast 1s absent from the mobile lift crane; and

11. the mobile lift crane 1s configured such that it can
perform at least a second pick, move, and set opera-
tion where the first mast 1s absent and the second
mast 1s connected to the boom and the second mast
can pivot 1n order to change the angle of the boom:;
and

1) wherein 1 the first and second configuration, the
moveable counterweight unit 1s never supported by the
ground other than indirectly by the moveable ground
engaging members on the carbody during the at least
first pick, move, and set operation and the at least
second pick, move, and set operation;

m) wherein the mobile crane 1s adapted to be configured
according to the first and the second configuration by at
least:
the moveable counterweight unit adapted to (1) suspend

below the rotating bed such that the moveable coun-
terweight unit 1s operable to support counterweights
positioned on opposing sides of the rotating bed and
(11) couple alternatively to the moveable counter-
weight support beam in the first configuration and to
the counterweight support frame in the second con-
figuration; and

the counterweight support frame adapted to couple
alternatively to the moveable counterweight support
beam and the moveable counterweight unit such that
the moveable counterweight support beam 1s oper-
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able to move toward and away from the boom 1n the
first configuration and the moveable counterweight
unit 1s operable to move toward and away from the
boom in the second configuration.

2. The mobile lift crane of claim 1 further comprising a
telescoping cylinder in the first configuration operable to
move the moveable counterweight support beam relative to
the counterweight support frame.

3. The mobile lift crane of claim 1 further comprising a
tension member connected to the first mast operable to
provide at least some support for the weight of the moveable
counterweight unit.

4. The mobile lift crane of claim 3 wherein the tension
member 1s configured to be removable from the mobile lift
crane; and

wherein the mobile lift crane 1s configured such that 11 the

tension member were removed from the mobile lift

crane, the mobile lift crane could perform the at least

second pick, move, and set operation.
5. The mobile lift crane of claim 1 wherein the moveable
counterweight support beam comprises a telescoping beam.
6. The mobile lift crane of claim 1 wherein the counter-
weight support frame and the moveable counterweight sup-
port beam are located below a remainder of the rotating bed.
7. The mobile lift crane of claim 1 wherein a percentage
ratio of a counterweight capacity of the moveable counter-
welght unit to a total weight of the crane 1s greater than 52%.
8. The mobile lift crane of claim 1 wherein
a) the moveable counterweight unit 1s configured for use
during the at least second pick, move, and set operation
to move between a first position and a second position,
wherein the first position 1s defined as a position 1n
which the moveable counterweight unit 1s as near as the
moveable counterweight unit can be moved by a coun-
terweight movement system to the axis of rotation
during the at least second pick, move, and set operation,
constituting a first distance from the axis of rotation,
and the second position 1s defined as a position 1n which
the moveable counterweight unit 1s as far as the move-
able counterweight unit can be moved by the counter-
weilght movement system from the axis of rotation
during the at least second pick, move, and set operation,
constituting a second distance from the axis of rotation;
b) the moveable counterweight unit 1s further configured
for use during the at least first pick, move, and set
operation to move between a third position and a fourth
position, wherein the third position 1s defined as a
position 1n which the moveable counterweight unit 1s as
near as the moveable counterweight unit can be moved
by the counterweight movement system to the axis of
rotation during the at least first pick, move, and set
operation, constituting a third distance from the axis of
rotation, and the fourth position 1s defined as a position
in which the moveable counterweight unit 1s as far as
the moveable counterweight umit can be moved by the
counterweight movement system from the axis of rota-
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tion during the at least first pick, move, and set opera-
tion, constituting a fourth distance from the axis of
rotation; and
¢) the fourth distance 1s greater than the second distance.
9. The mobile lift crane of claim 8 wherein the difference
between the third and fourth distances 1s at least 1.5 times as
large as the diflerence between the first and second dis-
tances.
10. The mobile lift crane of claim 1 wherein a tension
member 1s connected between the first mast and the move-

able counterweight support beam during the at least first
pick, move, and set operation.

11. The mobile lift crane of claim 1 wherein the moveable
counterweight support beam 1s configured to be removable
from the mobile lift crane; and

wherein the mobile lift crane 1s configured such that 11 the

moveable counterweight support beam were removed
from the mobile lift crane, the mobile lift crane could

perform the at least second pick, move, and set opera-
tion with the moveable counterweight unit moving
toward and away from the boom and relative to the
counterweight support frame.

12. The mobile lift crane of claim 1 further comprising
one or more counterweight unit movement devices config-
ured to move the moveable counterweight unit toward and
away from the boom:;

wherein the one or more counterweight unit movement

devices are configured to move the moveable counter-
welght unit to a position where the moveable counter-
welght unit 1s 1n front of the rearmost fixed portion of
the rotating bed.

13. The mobile lift crane of claim 1 further comprising
one or more counterweight unit movement devices config-
ured to move the moveable counterweight unit toward and
away from the boom:;

wherein the one or more counterweight unit movement

devices are configured to move the moveable counter-
welght unit to a position where the moveable counter-
welght unit 1s 1n front of the top of the first mast.

14. The mobile lift crane of claim 1 wherein the second
mast 1s configured to be disabled from pivoting during at
least the first pick, move, and set operation.

15. The mobile lift crane of claim 1 wherein 1n the second
configuration the moveable counterweight support beam 1s
absent from the mobile lift crane.

16. The mobile lift crane of claim 1 wherein 1n the first
configuration the crane further comprises a tension member
disposed between the first mast and the moveable counter-
weight support beam supporting the moveable counter-
weight support beam.

17. The mobile lift crane of claim 1 wherein 1n the first
configuration the second mast 1s pivotally connected to the
rotating bed proximate the boom.

18. The mobile lift crane of claim 1 wherein the moveable
counterweight unit 1s operable to move toward and away
from the boom 1n the second configuration while the mobile
l1ft crane 1s loaded.
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